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(54) Process for the purification of 2,6-dimethyInaphthalene and its use in the production of 2,6- 
naphthalenedicarboxylic acid 

(57) The present invention relates to processes for 
the production of highly pure 2,6-dimethylnaphthalene 
(2,6-DMN) by crytallisation of a mixture of DMN iso- 
mers; it also relates to a process for producing a 2,6- 
naphthalenedicarboxylic acid and an ester thereof from 
the 2,6-DMN obtained by the above process. 

In a first aspect, crystallisation is carried out in the 
presence of a solvent , preferably or alicyclic saturated 
hydrocarbon' In a second aspect, suppression of the 
adhesion of the crystals to the inside wall of the crystal- 
liser is achieved by a number of methods. In a third 
aspect, means are provided to suppress the agglomer- 
ation of the crystals. In a fourth aspect, the growth of the 
crystals is increased. In a fifth aspect, a filtration appa- 
ratus, preferably a rotatory vacuum filter, is used, the fil- 
tered cake is peeled off from a filter cloth, and said cloth 
is cleaned with a solvent. 

Finally, the purified 2,6-DMN is oxidised in the liquid 
phase in order to produce 2,6-naphthalenedicarboxylic 
acid, which can be esterified. 
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Description 

RAOKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to a process for producing 2,6-dimethylnaphthalene and a process for producing a 
2,6-naphthalenedicarboxylic acid. More particularly, it pertains to a process for producing highly pure 2,6-dimethylnaph- 
thalene which is useful as a starting raw material for a 2,6-naphthalenedicarboxylic acid and the like in a high recovery 
w rate in an industrially advantageous manner by means of an crystallization treatment for the mixture of dimethylnaph- 
thalene isomers, and a process for producing a 2,6-naphthalenedicarboxylic acid from the 2,6-dimethylnaphthalene 
obtained by the aforesaid process which acid is useful as a starting raw material for a high performance polyester and 
the like. 

is 2. Description of the Related Arts 

It has heretofore been known that a 2,6-naphthalenedicarboxylic acid and an ester thereof are each a compound 
of industrial importance as a starting raw material for a high performance polyester which is employed for the production 
of polyethylene naphthalate in the form of fiber, film and the like that is excellent in tensile strength and heat resistance. 
20 The 2,6-naphthalenedicarboxylic acid and an ester thereof that are used for such a purpose are required to be 
highly pure and besides 2,6-dimethylnaphthalene (hereinafter dimethylnaphthalene is sometimes abbreviated to 
"DMN") which is used as a starting raw material thereof is required to be also highly pure because of the reasons 
described hereunder. 

Specifically, 2,6-DMN, when being low in purity, causes the impurities contained therein to be oxidized or esterified, 

25 and eventually lowers the purity of a 2,6-naphthalenedicarboxylic acid and an ester thereof when being produced there- 
from. A part of the impurities that are formed during the steps of oxidation and esterification, originating from the impu- 
rities in 2,6-DMN is extremely difficult to remove! thereby making it also extremely difficult to obtain a 2.6- 
naphthalenedicarboxylic acid or a dimethyl 2,6-naphthalenedicarboxylate each having high purity. In addition, such 
impurities, when being present in 2,6-DMN, deteriorates not only the purity of the above-mentioned acid and ester, but 

30 also the yield thereof based on 2,6-DMN to a remarkable extent. It is therefore, indispensable that highly pure 2,6-DMN 
be obtained in order to produce a 2,6-naphthalenedicarboxylic acid and a dimethyl 2,6-naphthalenedicarboxylate under 
industrially advantageous conditions. QMN has 10 isomers according to the positions of jwo methyl grou ps. Accord- 
ingly, 2,6-DMN as a starting raw material for a 2,6-naphthalenedicarboxylic acid is required to be a highly pure product 
substantially free from any of the isomers other than 2,6-DMN. 

35 It being so, 2,6-DMN as a starting raw material for oxidation is desired to be highly pure as much as possible. In 
order to enhance the purity of 2,6-DMN, however, the burden imposed on its purification is increased. Hence, the purity 
of 2,6-DMN as a starting raw material for oxidation should be determined taking into consideration such factors as the 
burden on its purification, relation between the DMN purity and the result of the oxidation reaction, influence of its purity 
on the purity of the oxidation product and, in the case of purifying as a dimethyl 2,6-naphthalenedicarboxylate, relation 

40 between the DMN purity and the result of the methylesterification reaction and the burden on purifying the methyl ester 
in addition thereto. It is usually necessary to set the purity of 2,6-DMN on a high level of at least 98.0%. comprehen- 
sively taking these factors into consideration. 

As the process for producing 2,6-DMN, there are available for example, a process in which 2,6-DMN is isolated 
from a tar fraction or a petroleum fraction, a process in which naphthalene or methy (naphthalene is methylated, suc- 

45 ceedingly tsomerized and separated and the like processes. Since the fractions and isomerization reaction products 
contain almost all of the 10 kinds of isomers, 2,6-DMN needs to be isolated from the mixtu re of a lot of isomers^ 

On the other hand, Japanese Patent Application Laid-Open Nos. 134634/1974, 8935/1975, 76852/1 975" and 
129534/1975 disclose a process for producing o-tolylpentene-2 in high yield from o-xylene and butadiene; a process for 
producing 1,5-dimethyltetralin by cyclizing o-tolylpentene-2; a process for producing 1.5-DMN in high yield and in high 

so selectivity by dehydrogenating 1 ,5-dimethyltetralin; and a process for producing a mixture of isomers consisting essen- 
tially of 1 ,5-, 1 ,6- and 2.6-DMNs by isomerizing 1 ,5-DMN. Accordingly, by combining the above-mentioned processes it 
is made possible to produce a mixture of isomers consisting essentially of 1,5-, 1,6- and 2,6-DMNs from o-xylene and 
butadiene. Thus, there is made avialable a process for producing 2,6-DMN by isolating 2.6-DMN from the aforesaid mix- 
ture. 

55 As described hereinbefore, any of the processes for producing 2,6-DMN that have heretofore been avialable makes 
it necessary to isolate 2,6-DMN from the mixture of isomers to recover the same . However, it is extremely difficult to 
purify 2,6-DMN by means of distillation which is frequently applied to the separation and purification of ordinary organic 
compounds, since 1 0 kinds of isomers have each a boiling point very close to one another as shown hereunder together 
with the melting point. 
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Boiling point (°C) 


Melting point (°C) 


1,5-DMN 


269 


82 


1,6-DMN 


266 


-16 


2.6-DMN 


262 


112^> 


1,7-DMN 


263 


-14 


1,8-DMN 


270 


65 


2,7-DMN 


262 


98 


1,3-DMN 


265 


-4.2 


1,4-DMN 


265 


6 


2,3-DMN 


269 


104 


1,2-DMN 


271 


-3.5 



20 



25 



30 



35 



40 



45 



As is clear from the table, 2,6-DMN has ) a highest melting point c j all the DMN isomers. On the other hand, it is 
known that 2,6 -DMN forms a eutectic together with at least one of i ,£PMN, 2,7-DMN a nd 2,3-DMN. It is therefore, nec- 
tary that the ratio bv am ount of 2.6-DMN in the isomer mixture to the Jsomers be more th a n the compositional ratio 
nf thP eutectic in order to P r.ecioitate.2^DMN ^fi-a crystal bv means of crystallization from the mixture.of the isome rs. 
That is to say. the condition under which 2,6-DMN is at firstnreci nrtated as a crystal bv cooling is that the molar ratios 
of 1 .5-DMN. 2,7-DMN and 2.3-DMN each in the mixture of the isomers to 2.6-DMN in the same are not more than 
1.4 and 1.1. respectively . 

As a method for isolating 2.6-DMN from the mixture of the isomers, there are proposed a crystallization method, an 
adsorption method, a method in which 2,6-DMN is caused to form a complex by the use of a certain kind of an organic 
compound, the resultant complex is separated and then it is decomposed to recover 2.6-DMN, and the like methods. 
Of these mothnHc rrygtaiii^tinn method is most simple, convenient and suitable as an industnal 

in particular, in the case of producing a mixture of isomers consisting essentially of 1,5-. 1 ,6- and 2.6-DMN from o- 
xylene and butadiene as starting materials and isolating 2,6-DMN therefrom, a crystallization method is effective 
because of the comparatively small number of isomers in the starting raw material to be purified. In the case of meth- 
ylating naphthalenes, isomerizing the reaction product and isolating 2.6-DMN or in the case of isolating the same from 
a tar fraction or a petroleum fraction, the combination of an adsorption method and a crystallization method is usually 
employed, since 2,6-DMN needs to be isolated from the mixture of a large number of isomers. 

It is well known that in the case of isomerizing DMN. isomerization between adjacent p-positions and isomenzation 
of methyl-migration from one ring to another are unlikely to take place as compared with that between a-position and 
p-position. Specifically, the above-mentioned 10 DMN isomers are classified into four groups, namely A to D groups as 
undermentioned with regard to isomerization. and isomerization among different groups is unlikely to take place as 
compared with that in the same group. 

Group A — 1 ,5-DMN, 1 3'0Mhf^§^K> 
Group B — 1.8-DMN, 1,7-DMN, 2,7-DMN 
Group C — 1.4-DMN, 1.3-DMN, 2,3-DMN 
Group D — 1,2-DMN 



J 

ir^fs dis 



50 



As a method for isolating 2,6-DMN from a mixture of isomers by maapg nf crystallization, ther^fe disclosed in Jap- 
anese Patent Publication No /g25537l97_5. a method in which the mixture is cooled tp -10^0 20°C and the precipitated 
A crvstal is treated with methano l. The treatment with methanol is supposedly aimed at the improvement on the filterability 
of the crystal, but necessitates two^ta^e^c^r^. Japanese Patent Application Laid-Open No. 5767/1973 discloses 
a method in which a mixture of DMN isomers is washed or recry stall ized by the use of an aromatic hydrocarbon. In this 
case the mother liq uor, which is formed after the separation of the crystal and contains the aromatic hydrocarbon, is 
usually isomerized to enhance th e 2.6-DMN concentration a nd thereafter returned to the crystallization step. The aro- 
matic hydrocarbon, when being contained in the isomerization procedure, which is usually carried out under a heating 
condition by using an acidic catalyst such as silica-alumina, zeolite and HF, causes partial disproportionate reaction 
to take place between DMN and the hydrocarbon, thus lowering the yield of the objective 2,6-DMN. 

There is disclosed in the aforesaid Japanese Patent Publication No. 22553/1975 and Japanese Patent Application 
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Laid-Open No. 5767/1973, that there is produced the objective 2,6-DMN having purity o f97.5 to 99.3%) However, any 
of the methods in the disclosures necessitates troublesome procedures and equipment therefor and r equires a sojid^ 
NgLjidjeearatiorja in order to rec over highly pure 2,6-DMN. In the case of indus- 

trial practice, the crystallization and solid-liquid separaii6rrn'eWtcr6esteadily carried out for a long period of time. Nev- 
ertheless, no description is so far found with regard to the change in the properties or purity of 2.6-DMN which is 
obtained in the case of continuously carrying out the crystallization and gniirt.|j giiiri separation . 

In addition, no detailed description is given of the means for separating the precipitated crystal from the mother liq- 
uor in any of the above-mentioned disclosures. In the case of separatig the crystal from the slurry formed by crystalli- 
zation for the sake of industrial practice, there are required simplified convenient equipment and procedures, stabilized 
running and a high separation efficiency. However, any description made from such industrial point of view is so far not 
found as to the means for isolating 2,6-DMN from the 2.6-DMN crystal-containing slurry obtained by crystallizing a mix- 
ture of DMN isomers. 



ft! IMMARY OF THE INVENTION 

The present inventors synthesized 1 ,5-DMN from o-xylene and butadien as the starting raw materials and isomer- 
ized the resultant 1,5-DMN to obtain the mixture of isomers consisting essentially of 1,5-, 1.6- and 2,6-DMNs. which 
was cooled as it is to precipitate 2,6-DMN crystal in the form of scale. The crystal thus obtained was poor in the effk 
ciency of separation from the mother liquor at the time of filtration, whereby it was difficult to obtain highly pure 2,6- 
DMN. As is the case with the foregoing. 2,6-DMN crystal in the form of scale was obtained from the mixture of isomers 
containing 2.7-, 1,7-DMN, etc. other than 1,5-, 1,6- and 2,6-DMN as the starting raw material for crystallication, but it 
was extremely poor in filtration efficiency. 

It is judged from the above-mentioned phenomena that the method in which a mixture of DMN isomers is cooled 
as it is to precipitate 2,6-DMN in the form of crystal is not suited for industrial operation because of the inferior properties 
of the 2,6-DMN crystals to be precipitated. 

It is the first object of the present invention to provide, under such circumstances, a process for isolating and recov- 
ering highly pure 2.6-DMN in an industrially advantageous manner by precipitating 2.6-DMN from a mixture of DMN iso- 
mers through crystallization to produce highly pure 2.6-DMN in high yield, wherein 2,6-DMN crystal having satisfactory 
filterability as well as favorable properties is made to precipitate. 

A cooling-system tank-type c rystallizer equipped with a stirrer a nd a jacket was continuously charged with the mix- 
ture of the isomers to precipitate 2,6-DMN crystal, while passing a coolant through th ejacket. As a result, the precipi- 
tated crystal adhered closely to the inside wall of the crystallizer. wherebylhe heatlransfer through the walls of the 
crystallizer was soon made insufficient, thus making it impossible to continue the procedure of precipitating/ the crystal. 
It is thought that the decrease in heat transfer performance has been caused by the crystal which precipitated on the 
heat transfer surface by locally lowered temperature of the slurry in the vicinity of the heat transfer surface as compared 
with the temperature of the other portion, and which adhered closely to the aforesaid surface. 

As a method for preventing the trouble due to the adhesion of crystal to the heat transfer surface, there is disclosed 
in Japanese Patent Publication No. 25402/1986. a method in which the crystal precipitate d on the heat transfer surface 
is scraped off. The disclosure insistslR^TCrrreat transfer surface is always kept clean and the prescribed heat transfer 
performance is maintained, since the crystal precipitated on the heat transfer surface is physically removed. However, 
the above-mentioned method is accompanied with various troubles because of the sliding part installed inside the crys- 
tallizer which troubles are exemplified by frequent occurrence of sedimentation-solidification of the crystal in part in the 
crystallizer and of the abrasion or damage to scraping impellers that makes it impossible to continue crystal precipitaion 
procedures. 

Specifically it is the second object of the present invention to provide a process for producing highly pure 2,6-DMN 
in an industrially advantageous manner by crystallizing 2,6-DMN to purify the same, wherein the trouble due to the 
aforesaid adhesion of the crystal is avoided to smoothly proceed with the procedure of precipitating the crystals. 

In the case of the continuous crystallization procedure by the present inventors, the average retention time of the 
liquid to be crystallized in the crystallizer was£hours. As a result, separation of at least 99% pure crystal was possible 
during a short period after the start of the operation, but the purity of the crystal decreased with the lapse of time, thus 
making it impossible to maintain the prescribed purity of the crystal. The purity of the crystal as mentioned herein is the 
purity of the crystal to be fed to the next step of oxidation reaction, excluding a solvent and rinsing liquid that can easily 
be removed by distillation or the like. 

It is the third object of the present invention to provide a process for steadily maintaining at least prescribed purity 
of 2,6-DMN for a long period of time in an industrially advantageous manner, in producing highly pure 2.6-DMN by pre- 
cipitating 2,6-DMN through crystallization from a mixture of DMN isomers. 

In the course of continuous separation of the crystal from the slurry containing the precipitated 2,6-DMN crystal in 
this continuous crystallization step, there was caused such trouble that filter cloths were plugged up in a short period of 
time, thereby lowering the filtering treatment capacity. 
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It is the fourth object of the present invention to provide under such circumstances, a process for steadily maintain- 
ing a p rescribed filtering treatment capacity for a long period of tim e in an industrially advantageous manner in produc- 
ing highly pure 2,6-DMN by precipitating 2,6-DMN through crystallization from a mixture of DMN isomers, followed by 
solid-li quid separMo rLthitLeof. 

5 In addition, it is the fifth object of the present invention to provide a process for producing 2,6-naphthalenedicarbo- 

xylrc acid in an industrially advantageous manner preferably from o-xylene and butadiene as the starting raw materials 

based on the understanding of the above-mentioned process for producing 2,6-DMN. 

Under such circumstances, intensive research and investigation were accumulated by the present inventors in 

order to attain the foregoing objects. As a result it has been found that highly pure 2,6-DMN can be produced from a 
io mixture of DMN isomers in high yield in an industrially advantageous manner by putting the following processes into „ 

practice. The present invention has been accomplished on the basis of such finding and information. 

With regard to the first object of the invention, that is, the process for improving the properties and f ilterability of the 

2,6-DMN crystal precipitated by cooling a mixture of DMN isomers, it has been found that by making the crystallization r 

system coexist with a solvent such as an aliphatic saturated hydrocarbon or an alicyciic saturated hydrocarbon, the 
75 properties of the precipitated crystal of 2,6-DMN change to a great extent and also the filterability thereof is markedly , 

improved. 

Specifically the present invention provides, in response to the first object and as the first aspect of the invention, 

(1) a process for producing 2,6-DMN which comprises crystallizing 2.6-DMN from a mixture of DMN isomers ifljhfi- 
20 presence of a so lvent, preferably an aliphatic saturated hydrocarbon or an alicyciic saturated hydrocarbon. 

— With referenced the second object of the invention, that is, to avoid the trouble due to the adhesion of the crys- 
tal, it has been found that the procedure of precipitating the crystal can smoothly be effected by cooling th e mixture 
of DMN isomers, while suppressing the adhesion of the crystal to the inside wall of the cryatallizer by any of various 
effective means. 

25 Specifically the present invention provides, in response to the second object of the invention, 

(2) a process for producing 2.6-DMN which comprises crystallizing 2.6-DMN from a mixture of DMN isomers or a 
solution containing a mixture of DMN isomers by the use of a tank-type crystallizer, while suppressing the adhesion 
of the crystal to the inside wall of the crystallizer preferably by using for example. ® a method in which a crystallizer 
equipped with a heat transfer surface is used, a coolant is passed in contact with the heat transfer surface, the dif- 

30 ference in temperature between the coolant and a mixture of DMN isomers or a solution containing a mixture of 
DMN isomers is maintained at 40°C or lower; © a method in which a solution containing a mixture of DMN isomers 
is concentrated by depressurizing the crystallizer or treating a solution containing a mixture of DMN isomers with 
an inert gas thereby evaporating a solvent in the solution containing a mixture of DMN isomers; or © a method in 
which a solution containing a mixture of DMN isomers is cooled by introducing a liquefied gas into the solution, 

35 thereby evaporating the gas. 

In regard to the third object of the invention, on the basis of the understanding that the primary contributor to 
the decrease in the purity of the crystal during the continuous crystallization procedure is that the insufficiently 
grown crystal remaining in the crystallizer agglomerates with one another to form a macro agglomerate, while the 
mother liquor is incorporated inside the agglomerate, it has been found that the agglomeration of the crystal is sup- 

40 pressed, thereby enabling the long-term stable maintenance of at least prescribed purity of the crystal by taking 
countermeasure for accelerating the growth of the crystal itself or for suppressing the agglomeration of the crystal. 
Specifically the present invention provides, in response to the third object of the invention, 

(3) a process for producing 2,6-DMN which comprises crystallizing 2.6-DMN from a solution containing a mixture 
of DMN isomers by the use of a crystallizer, while suppressing the agglomeration of the crystal preferably by using 

45 for example, alone or in combination of at least two (J) a method in which the average retention time of the crystal 
in the crystallizer is restricted to 6 hours at the longest; © a method in which the agglomerate of the crystal is 
destroyed by circulating the slurry in the crystallizer by means of a circulation pump which is installed outside the 
crystallizer; or © a method in which the content in the crystallizer is stirred to the extent that the agglomeration of 
the crystal is suppressed. 

so The present invention further provides, in response to the third object thereof, 

(4) a process for producing 2.6-DMN which comprises crystallizing 2.6-DMN from a solution containing a mixture 
of DMN isomers by the use of a crystallizer, while accelerating the growth of the crystal preferably by using, for 
example. ® a method in which the procedures of dissolving a part of the crystal and recrystallizing the dissolved 
crystal are carried out at least one time: or ® a method in which 2.6-DMN crystal which has been separat elyjg>re- 

55 pared is added as the seed crystal in the crystallizer: ' ' " ' 

' With""regard to thefourth object of the invention, drf the basis of the understanding that the primary contributor 

to the filter cloth plugging up is that at the time of withdrawing the crystallization mother liquor, solvent or rinsing 
liquid by depressurization-suction, the solvent or rinsing liquid is evaporated to lower the temperature of the liquid 
on the filter ctoth, whereby the crystal is precipitated at the stitches of the filter cloth, it has been found that stable 
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filtering treatment capacity can be maintained by cleaning the filter cloth after filtration by usingL&SQb*ent. \ 

Specifically, the present invention provides, in response to the fourth object and as the second aspect of the 
invention, 

(5) a process for producing 2,6-DMN which comprises crystallizing 2,6-DMN from a mixture of DMN isomers in the 
5 presence of a solvent to precipitate the same, filtering the 2,6-DMN crystal thus precipitated by means of a filtering 

apparatus, separating the resultant filter cake from filter cloths, and thereafter cleaning the filter cloths by using a . 
solvent. 

Furthermore, the present invention provides in response to the fifth object and as the third aspect ol the inven- 
tion, 

io (6) a process for producing a 2,6-naphthalenedicarboxylic acid which comprises subjecting the 2,6-DMN which is 
produced by the process as set forth in any of the preceding items (1) to (5) to liquid-phase oxidation; and 
(7) a process as set forth in the preceding item (6), wherein the 2,6-DMN is produced by crystallizing the isomeri- 
zation reaction product of 1,5-DMN which is formed from o-xylene and butadiene each as a starting raw material. 

15 DESCRIPTION OF PREFERRED EMBODIMENT 

The first aspect of the present invention relates to a process for producing 2,6-DMN by crystallizing 2,6-DMN from 
a mixture of DMN isomers in the presence of a solvent. 

As the mixture of DMN isomers to be used as the starting raw material in the present invention, there are available 

20 a material separated from tar fraction or petroleum fraction, and a material produced by methylating naphthalene or 
methylnaphthalene, isomerizing the methylation product and isolating the resultant product. Particularly suitable mate- 
rials are the isomerization reaction product of 1 ( 5-DMN produced from o-xylene and butadiene as starting raw materi- 
als, the isomerization reaction product of the mother liquor which is formed by separating 2,6-DMN crystal from 
aforesaid isomerization reaction product of 1 ,5-DMN and the mixture of these isomerization reaction product. 

25 In order to precipitate 2,6-DMN crystal in the process according to the present invention, the mixture of DMN iso- 

mers needs to have the following compositional ratio in view of the compositional ratio of the eutectic as mentioned 
hereinbefore. \ 
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1.5-DMN/2.6-DMN < 1.9 
2.7-DMN/2.6-DMN < 1.4 
2.3-DMN/2.6-DMN < 1.1 

35 Although depending on the catalyst to be used, the isomerization reaction product of 1 ,5-DMN synthesized from o- 
xylene and butadiene as starting raw material usually contains 5 to 20% of 1 ,5-DMN, 35 to 50% of 1 ,6-DMN, 35 to 50% 
of 2,6-DMN and at most 5% of the other DMN isomers, which satisfy the above-prescribed compositional ratio, and thus 
can be use d for pro ducing 2,6-DMN by cooling itse lf. 

Th^triSh^n^jr which is formed by separating 2.6-DM N crystal from the above-mentioned isomeriza tion reaction 

40 product principally contains 1.5-DMN and 1,6-DMN and can be recycled as a raw material for isomerization. During 
isomerization reaction, however, sid^feaction is liable to take place, including the formation of methylnaphthalene 
(MMN) and tri methyl naphthal en etf™N)tiue to disproportionate and the formation of isomers belonging to 2,7-group 
due to the isomerization beyond iWgraip. MMN and TMN can be removed by distillation, but the isomers outside 1 .5- 
group are difficult to remove by distillation, and are accumulated in the system if the mother liquor is circulated through 

45 the isomerization step. 

Detailed investigation was made by the present inventors on the relation between the concentration of the impuri- 
ties in the raw material for crystallization and the concentration of impurities remaining in the objective crystal. As a 
result, there was observed a phenomenon that in the case where 2,7-DMN, MMN and/or TMN are present to a certain 
or more extent in the raw material for crystallization, 2,7-DMN. 2 -MMN and/or part of TMN isomers remain in the objec- 
50 tive crystal in amounts larger than the amount derived from eutetic theory, thereby making it difficult to obtain highly 
pure crystal. 

As a result of further investigation, it has been found^hat the components such as 1 ,5-DMN, 1 ,6-DMN. 1-MMN and 
the isomer other than the above- remaining isomer in( TMN jftat are contained in DMN isomerization reaction product to 
be used for raw material for crystallization can easily be removed by rinsing 2,6-DMN crystal after precipitation, and the 
55 concentration of such impurities steadily decreases with an increase in the amount of a rising liquid, but that 2.7-DMN. 
2-MMN and part of TMN isomers hardly change in concentration even after rinsing the crystal and they are inevitably 
drawn and incorporated inside the crystal at the time of precipitation of 2,6-DMN as crystal instead of being attached, 
as the components of the mother liquor, onto the surface of the crystal. 

The amounts of 2,7-DMN. 2-MMN and part of TMN isomers that are inevitably contained in the crystal at the time 
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when the 2,6-DMN crystal is precipitated are determined approximately by the ratio by amount of each component to 
the dimethylnaphthalene series in the raw material for crystallization. When 10 parts by weight of 2,7-DMN is contained 
in 100 parts by weight of dimethylnaphthalene series, the amount of 2,7-DMN contained in 2.6-DMN crystal accompa- 
nied therewith is about 0.7 to 1 .4% by weight. When 5 parts by weight of 2,7-DMN is contained in 100 parts by weight 
of dimethylnaphthalene series, the amount of 2,7-DMN contained in 2,6-DMN crystal accompanied therewith is about 
0.4 to 0.8% by weight. On the other hand, when 5 parts by weight of MMN is contained in 1 00 parts by weight of dimeth- 
ylnaphthalene series, the amount of 2-MMN contained in 2,6-DMN crystal accompanied therewith is about 0.7 to 1.3% 
by weight; and when 5 parts by weight of TMN is contained in 100 parts by weight of dimethylnaphthalene series, the 
amount of a part of TMN isomers contained in 2.6-DMN crystal accompanied therewith is about 0.2 to 0.6% by weight. 

It is therefore desirable, in order to obtain 2,6-DMN having high purity of 98% - orJiigber ( that the c oncentration of 
2,7-DMN based on dimethylnaphthalene series in the raw material for crystallization be set on at most ^8% by weighT 
when the raw material is almost free from MMN and TMN. 

In the case where a considerable amount of MMN or TMN is contained in the raw material for crystallization, it is 
desirable, in order to restrict the concentrations of 2,7-DMN, MMN and TMN remaining in 2,6-DMN to at most 0.5% by 
weight, respectively, that the concentrations of 2,7-DMN, MMN and TMN based on dimethylnaphthalene series in the 
raw material for crystallization be set on at most 5%, 3% and 1 0% by weight respectively. 

The solvent to be used in th e first aspect of the invention , which is in the form of liquid under working temperatures, 
is not specifically limited insofar as it is easily separated from DMN f but is preferably exemplified by aliphatic saturated 
hydrocarbons and alicydic saturate d^ hydrocarbo ns each having preferably 5JgJ4, more preferably 6 to 12 carbon 
atoms. Specific examples thereof include jsentane. hexane, heptane, octane, nonane, decane > jj ndg,c^Qe t ^e^ecane, 
cyclopentane. cydohexane, methyclopentane, methylcyclohexane, cyciooctane, methycyciooctane. decalin, methyl- 
decalin and dimethyldecalin. The solvent may be used alone or in combination with at least one other. 

The amount of the solvent to be used is determined taking into consideration the solubility of 2,6-DMN therein, 2,6- 
DMN concentration in the mixture of DMN isom ers, operating temperature, slurry con centration and the like. Preferably 
the amount thereof is such that the crystallizin gfoperation temperature is 10 to 60°S> specially around room tem pera- . 
ture. and it is determined in the afor esaid manner. A crystallizing operation temperature lower than room temperature 
leads to the necessity for cooling energy, whereas that being unreasonably high leads to the necessity for heating 
energy. 

The amount of precipitated crystal at the time of crystallization is preferably large because of higher crystal yield 
per unit operation. However, excessively large amount of crystal brings about difficulty in handling such as transporta- 
tion and stirring. The slurry concentration is usually preferably 10 to 40% by weight. For example, when a mixture of 
DMN isomers containing 1,5-DMN, 1,6-DMN and 2,6-DMN in amounts of 8%, 46% and 46% by weigfo respectively 
and n-heptane in one-half the amount of the mixture are mixed with heating to form a liquid and then goofed to 25°CT> 
the slurry concentration becomes about 20% by weight. 

In this way, the amount of the solvent to be used varies depending on a variety of factors, and is usually in the range 
of 0.01 to 20 times the weight of the mixture of DMN isomers. An amount thereof less than 0.01% by weight results in 
less effect on the i mprovement in the properties of 2,6-DMN c rystal, thus forming crystal hard to filter; whereas that 
more than 20% by~weight lowers economical efficiency, since the effect on the improvement in the crystal properties is 
not proportional to the amount used and the crystallizer becomes excessively large. 

From the viewpoint of the balance between filterability and economical efficiency the amount thereof is preferably 
in the range of 0.1 to 10 times the weig ht of the mixtiicp.nf DMN isomers. 

The crystallizer to be used for precipitating 2,6-DMN crystal from the mixture of DMN isomers in the presence of a 
^solvent is not sp ecif icall yJimit ed. but is available from those used for usual rgcrvstallizin g operatio n without.an y-modifi- 
cation. A preferable crystallizer is a tank-type crystallizer. _f^nrWr)tr w eQ P arafir in ^r V Rtal from the mother liquor fy. 
afterprecipitating the crystal is not specific^Ltoited as well, but is availble from those used for usual solid-liquid sep- 
aration such as a cenfrrfuaal separato r andfeWterlvithout any modification. The crystal is usually separated with a solid- . 
liquid separator, and then /ihsecfr prefe rably wifffthe solvent same as that used in crystallization. => -H? 

As mentioned hereinbWe< iF!5~Known that in purification by crystallization, the operability for filtration/separation 
and the purity of the objective crystal are greatly influenced by the properties of the crystal forme d. Specifically. 2,6- 
DMN crystal precipitated from the mixture of DMN isomers, which is in the form of scale, has extremely poor filterability 
as mentioned hereinbefore. However, 1,5-DMN crystal precipitated therefrom, which is in the form of large plate, has 
excellent filterability. In this way, the crystal properties greatly change with change only in the position of a substituent 
group, and originate from the properties inherent in the substance itself forming the crystal. 

By carrying out the crystallization in the presence of a solvent such as an aliphatic or alicydic saturated hydrocar- 
bon according to the invention, the properties of 2,6-DMN crystal are improved, thus facilitating industrial crystallizing 
separation. The properties of 2,6-DMN crystal can be improved by the use of an aromatic hydrocarbon as a solvent, but 
are improved to a greater extent by using an aliphatic or alicydic saturated hydrocarbon. In order to enhance the yield 
of 2,6-DMN, there i s adopted a system wherein the mother liquor formed by separating the crystal is usually employe d 
for isomerization and the resultant isomerization liquid product is again crystallize d. In this case, when an aromatic 
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hydrocarbon as a solvent is used in the crysatllization, the mother liquor after the separation of the crystal contains the 
aromatic hydrocarbon. From the industrial standpoint, the aforesaid aromatic hydrocarbon is unsuitable as a coexistent 
material, since it is apt to bring about disproportionation reaction along with DMN in the isomerization step, thereby 
causing a fear of deteriorating the yield of the objective DMN. 

5 2,6-DMN is somewhat soluble in any of the aforesaid hydrocarbons. Thus in order to obtain the same yield of 2,6- 

DMN crystal by using any of the hydrocarbons, the crystallization temperature needs to be lowered- The necessary low- 
ering in the crystallization temperature varies depending upon the kind, use amount, etc. of the hydrocarbon. In the 
case of using a solvent of an aliphatic or alicyclic saturated hydrocarbon such as n-hept^os in the same amount as the 
mixed liquid of DMN, the temperature at which 2,6-DMN begins to precipitate is abou^5°C -tower than the temperature 

io in a sol ventless ca se. It follows that lowering in the crystallization temperature increaseSTh^energy required for cooling, 
accordingly. the"coexistence of an aliphatic or alicyclic saturated hydrocarbon is usually industrially unfavorable. At first 
glance, the coexistent substance in the process of the invention seems to be industrially unfavorable. Nevertheless the 
remarkable improvement in the properties of 2,6-DMN can exhibit a working effect which far outweighs the disadvan- 
tage. 

is The use of an aliphatic or alicyclic saturated hydrocarbon, in which DMN is less soluble than in an aromatic hydro- 
carbon is more advantageous than the use of an aromatic hydrocarbon, since it can mitigate the disadvantage of 
increased energy requirement as compared with the use of an aromatic hydrocarbon and since the use of the former 
decreases the viscosity of the crystallization mother liquor to a greater extent than the use of the latter. 

The cause for the improvement in the properties of the precipitated 2,6-DMN crystal due to the coexistence of an 

20 aliphatic or alicyclic saturated hydrocarbons a solvent is still unclea r. It is known that a high crystal concentration in a 
slurry is apt to produce small crystal, but the aforesaid cause is not due to the effect on lowering the crystal concentra- 
tion by the use of a solvent Specifically, the crystal obtained by mixing an aliphatic or alicyclic saturated hydrocarbon 
with a mixture of DMN isomers, and then cooling the resultant mixture to precipitate 2,6-DMN crystal and form a slurry 
with a crystal concentration of 25% by weight, is favorable in properties and easy to filtrate as compared with the slurry 

25 obtained by cooling the mixture of DMN isomers alone to precipitate 2,6-DMN crystal and form a slurry with a crystal 
concentration of 25% by weight, which is hard to filtrate. 

It is advantageous in the first aspect of the invention in response to the second object thereof at the time of crystal- 
lizing 2,6-DMN from a mixture of DMN isomers or a solution containing a mixture of DMN isomers thro ugh cooling or 
evaporation by the use of a tank-type crystallizer, to adopt for the puropose of suppressing the adhesion of the c rvstaL 

so tqjh^jp ci r|fi wa l 1 "* tho fi rygfraHi Ter, anyoneoT fl) a method in which a crystallizer equipped with a heat transfer surface 
is used, a coolant is passed in contact with the heat transfer surface, the difference in temperature between the coolant 
and a mixture of DMN isomers or a solution containing a mixture of DMN isomers is maintained at 40°C or lower; © a 
method in which the solution containing DMN isomers is concentrated by depressurizing the ccxstaj lizer or tr eating^ 
solution con taining a mixture of DMN isomers with an inert aas. thereby evaporating a solvent in the solution containing 

35 the mixture of DMN isomer; or © a method in which a solution containing a mixture of DMN isomers is cooled by intro- 
ducing a liquefied gas into the solution, thereby evaporating the gas. 

At first, regarding the ® cooling method by indirect cooling by using a tank-type crystallizer equipped with a heat 
transfer surface, there are available a cooling method by using a jacketed tank-type crystallizer and passing a coolant 
through the jacket; a cooling method by installing a cooling coil inside a tank-type crystallizer and passing a coolant 

40 through the cooling coil; a cooling method by installing a heat exchanger outside a tank-type crystallizer and circulating 
the liquid to be crystallized through the heat exchanger with a pump or the like; and a cooling method in which the afore- 
said methods are combined. 

In such indirect cooling, the liquid to be crystallized is cooled from the wall surface through which heat is trans- 
ferred, and if there is little difference in temperature between the liquid and a coolant, precipitation rate of the crystal is 

45 low, requiring a long retention time, whereas much temperature difference therebetween is liable to cause crystal adhe- 
sion onto the wall surface because of a high degree of supersaturation. The liability to adhesion onto the wall surface 
depends upon the properties inherent to the crystal in question, the kind of the crystal and the precipitation conditions 
at the time of crystal precipitation. 

As a result of experimental investigation made by the present inventors on a method capable of controlling the 

so degree of supersaturation, preventing the adhesion of the precipitated crystal onto the wall surface and precipitating the 
crystal at a practically sufficient rate, it has been found that in the case of precipitating 2,6-DMN crystal by cooling a 
mixture of DMN isomers, the adhesion of the crystal onto the wall surface is almost negligible provided that the differ- 
ence in temperature between the liquid to be crystallized and the coolant is maintained at 40°C or lower, and even if the 
adhesion is not negligible, it does not cause difficulty in continuing the crystallizing operation. 

55 In carrying out the crystallizing operation, when the above-mentioned difference in temperature is kept at 40°C or 
lower, the crystal adhesion thereonto is almost negligible even if the mixture of DMN isomers is cooled as it is. However, 
2,6-DMN crystallized under a solventless condition has unfavorable crystal properties due to its scaly state and is hard 
to filter, whereby highly pure 2,6-DMN is made difficult to obtain after filtration separation. 

The use of a hydrocarbon as a solvent, especially an aliphatic or alicyclic saturated hydrocarbon in precipitating the 
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crystal improves the crystal properties, thus enabling highly pure 2,6-DMN to be formed after jiltration separation. 

For the purpose of preventing the crystal from adhering onto the wall Surface, a solvent is not always necessary, 
but in order to obtain highly pure 2,6-DMN crystal it is indispensable to employ a solvent. 

In the case of crystallizing 2,6-DMN by using a solvent, the above-mentioned method © is usable in place of the 
£ method 1 to evaporate the solvent and utilize the latent heat of evaporation to effect concentration. The methods for 
evaporating the solvent include a method of depressuring the crystallizer inside, a method of feeding an inert gas and 
the like methods. In the case of concentration by evaporating the solvent, the crystal is formed inside the crystallizer not 
on the inner wall thereof, whereby the adhesion onto the inner wall is less apt to take place. 

The method © in which a liquefied gas such as liquefied butane or propane is blown into the raw material to be 
io crystallized and effect cooling by utilizing the latent heat of evaporation can exhibit the same effect as the solvent evap- 
oration. 

The amount of the solvent to be used varies depending upon various factors. In the case of indirect cooling for crys- 
tallization according to the method ®, by the reason same as that described hereinbefore, the amount is 0.01 to 20 
times, preferably 0.1 to 10 times the weight of the mixture of DMN isomers. 
75 In the case of concentration by evaporating the solvent according to the method ©. since the amount of the solvent 
in the crystallizer varies as the solvent evaporates, the solvent is supplied at need during the crystallizing operation so 
that the amount of the solvent after evaporation falls within the above-prescribed range. The inert gas to be used for 
treating and evaporating the solvent is exemplified by nitrogen, argon and carbon dioxide gas. 

In the case of cooling by evaporating the liquefied gas according to the method Q), the operating temperature and 
20 pressure are selected according to the liquefied gas to used, and the liquefied gas is supplied in the crystallizer so that 
the slurry concentration at the time of crystallization falls within the above-prescribed range. 

It is also advantageous in the first aspect of the invention in response to the third object thereof, at the time of crys- 
tallizing 2,6-DMN from a solution containing a mixture of DMN isomers through cooling or evaporation by the use of a 
tank-type crystallizer. to adopt, for the purpose of suppressing the agglomeration of the crystal, one or at least two in 
25 combination of ® a method in which the average retention time of the crystal in the crystallizer is restricted to 6 hours 
at the longest; © a method in which the agglomerate of the crystal is destroyed by circulating the slurry in the crystal- 
lizer by means of a circulation pump which is installed outside the crystallizer; and © a method in which the content in 
the crystallizer is stirred to the extent that the agglomeration of the crystal is suppressed. 

In crystallizing separation, attention is usually paid to the formation of large crystal. The reason for this is that larger 
30 crystal leads to a decrease in surface area per unit weight of the crystal, resulting in enhanced purity due to a decrease 
in the amount of the accompanying mother liquor ( and at the same time, facilitates solid-liquid separation. 

The operations in the aforestated methods © to ® in the present invention are all to be avoided in order to enlarge 
crystal, and are fundamentally contrary to and different from the prevailing methods according to the prior arts. 

In general, an increase in retention time in a crystallizer causes growth and enlargement of crystal. By utilizing this 
35 property of the crystal there is often adopted a method in which the retention time is prolonged by installing an aging 
tank separately from the crystallizer. However, as a result of investigation made by t he present inventors on the crystal- 
lization of 2,6-DMN from a mixture of DMN isomers, it has been found that an increase in the retention time is apt to 
cause agglomeration of crystal rather than crystal growth and that the agglomeration is suppressed and highly pure 2,6- 
DMN crystal can steadily be collected over a long time by restricting the average retention time on the basis of the fur- 
40 ther investigation on the relationship between the average retention time and a change in crystal purity. 

In the case of preventing the crystal agglomeration by restricting the retention time in a crystallizer according to the 
present invention, the average retention time is usually at most 6 hours, preferably at most 4 hours, more preferably at 
most 3 hours. A decrease in the retention time increases the proportion of non-agglomerated crystal in the form of plate 
and suppresses the agglomeration in the direction of thickness, whereby the crystal is made thin as a whole though the 
as equivalent diameter thereof remains almost unchanged. Consequently, the purity of the crystal is enhanced and highly 
pure 2,6-DMN crystal is steadily obtained according to the above-prescribed retention time. 

Moreover, it has been found by the present inventors that the agglomerate of 2,6-DMN crystal is comparativley eas- 
ily destroyed by applying a shearing force thereto but individual crystal is not easily destroyed thereby. In principle, 
application of a shearing force in crystallization is said to be avoided, since such a shearing force crushes the crystal to 
so miniaturize the same. However, so far as the 2,6-DMN crystal is concerned, by applying a shearing force, the agglom- 
eration of the crystal is suppressed, the amount of the mother liquor accompanying the crystal is decreased with com- 
paratively less crushing of the crystal, and consequently excellent effect is exhibited on enhancing the purity of the 
crystal cake. Such property inherent in the 2,6-DMN crystal has never been reported to date. 

The method for applying a shearing force is exemplified for example, by a method in which the slurry in the crystal- 
55 lizer is circulated by means of a circulation pump installed therein and the shearing force can be controlled by regulating 
and selecting the circulation rate and suitable type of the pump. The circulation rate suitable for suppressing and disin- 
tegrating the agglomerate varies depending upon the type of the tank-type crystallizer, and the ratio of the slurry circu- 
lation rate in the crystallizer to the feed rate of the raw material is preferably at least 1.0. 

The disintegration means by shearing force, when provided in the crystallizer, can suppress the agglomeration in 
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the direction of length thus decreasing the equivalent diameter of the agglomerate, though the proportion of the agglom- 
erate based on the whole slurry and the thickness thereof do no appreciably change. Consequently, the purity of the 
crystal is enhanced and highly pure 2.6-DMN crystal is continuously obtained. 

Another means for preventing the agglomeration is intensification of agitation in the crystallizer. Such intensification 
usually leads to the miniaturization of the crystal, and thus it is a general and customary practice to restrict the agitation 
strength to the extent that necessary circulating stream is maintained. Specifically, application of excessive agitation 
strength is said to be avoided in crystallization. Nevertheless as far as the 2.6-DMN crystal is concerned, it was 
observed that by intensifying the agitation in the crystallizer, the agglomeration of th e crystal is suppressed , the amount 
of the mother liquor accompanying the crystal is decreased with comparatively less crushing of the crystal, and conse- 
quently excellent effect is exhibited on enhancing the purity of the crystal cake. This property, which is similar to that 
relating to the aforesaid shearing force, has never been reported to date. 

The agitation strength for suppressing the agglomeration of 2,6-DMN crystal varies depending upon the form of the 
crystallizer and the like, and the power value (PV) per unit volume of the crystallizer is preferably at least 1.0 kW/m 3 , 
approximately. Intensification of the agitation can suppress the agglomeration in the direction of length, thus decreasing 
the equivalent diameter of the agglomerate though the proportion of the agglomerate based on the whole slurry and the 
thickness thereof do not appreciably change. Consequently,, the purity of the crystal is enhanced and highly pure 2,6- 
DMN crystal is continuously obtained. T he slurry crystallized by any of the methodsjtfhic h SHnnrftftS t he aqq lgmeratip n 
of the crystal can decrease the amount of the mother liquor accompanying the cry stal. 

Mention has been made of the three means as described above. Any other means capable of suppressing the 
agglomeration of the crystal is effective for enhancing the purity of the crystal cake . Any of the three means may be 
used alone or in combination with at leastone other. 

The crystallizer for carrying out the present invention is not specifically limited, but is selected according to each of 
the methods. Likewise, an apparatus for separating the crystal from the mother liquor after precipitating the crystal is 
not specifically limite d, but may be selected for usewjthout modification from the apparatus usually used for solid-liquid 
separation such as a centrifugal separator and a/fSltS^. The crystal is usually separated in a solid-liquid separator and 
t hen rinsed to afford hi ghly pure_£,6-DMN. 

r in the case where further highly pure 2.6-DMN is required, such 2.6-DMN is obtained, as is described hereinafter 
in the working examples, bv dispersing a gain ibe 2.6-DMN crystal obtained by any of the foregoingjn gfaPtejn 3 splventl 
and thereafter separating the crysta l. 

It is also advantageous in the first aspect of the invention in response to the third object thereof, at the time of crys- 
tallizing 2,6-DMN from a solution containing a mixture of DMN isomers through cooling or evaporation by the use of a 
tank-type crystallizer, to ari^ j QEA n ^ u rpo^ the growth of the crystal, any one of ® a method in 

which the procedures ortfcssoMng a part of the crysta!>and ^^c rystalliz ing th e dissolved crystal are carried out at leas t 
onetime; and ® a methodm which 2^eftAN^yGtaHChich has been separately prepared is"adtf^-asTm=rseea crystal 
in the crystallizer. 

As a method for accelerating the growth of the crystal, consideration is given to a method in which excessive 
nucleus generation is suppressed by decreasing the degree of supersaturation in the crystallizer. The method, however 
involves the problem that the yiefd of the crystal per unit time per unit volume of crystallizer is decreased, thereby low- 
ering the productivity. 

Liability to agglomerzation or growth of crystal is the property inherent in the crystal in question and varies depend- 
ing upon each substance. It has been found by the present inventors that the 2,6-DMN crystal is liable to agglomeration 
and the agglomeration is suppressed by accelerating crystal growth. Based on and in response to such properties, a 
new method for crystallization has been developed. 

In the case of heating the slurry in the crystallizer to dissolve a part of the crystal and then recrvsta llizirig the dis- 
solved crystal according to the method (j), the agglomerate is decreased and large crystal is obtained, presumably 
because a part of the crystal is dissolved by heating and simultaneously the agglomerate is disintegrated, and at the 
time of subsequent cooling, 2,6-DMN crystal is precipitated on the surfaces of the crystal released from the agglomer- 
ate, thereby accelerating crystal growth. 

In this way, the 2,6-DMN crystal is grown without being accompanied with the mother liquor by repeating the pro- 
cedure of dissolution and r ecrystallization by heating and coolin g. When the liquid to be crystallized is subjected to this 
heat history at least once from the feeding of the raw material in the crystallizer to the withdrawal therefrom into the 
solid-liquid separation step, the whole crystal in the crystallizer is sufficiently grown, resulting in remarkable enhance- 
ment of crystal purity. 

In addition, according to the method ©, large crystal is obtained by adding in the crystallizer, 2.6-DMN crystal 
whi ch has been separately preparedas the seed cryst al. In order to obtairTfargecrystal, the retention time is prolonged 
frTconventional method. Nevertheless 2,6-DMN crystal, when left in the crystallizer for a long time, is liable to agglom- 
eration rather than the crystal growth, thereby making it impossible to collect highly pure crystal. 

The seed crystal, when fed in the crystallizer, can suppress the agglomeration and cause the crystal to sufficiently 
grow even for a long retention time. For the purpose of enhancing the productivity, shorter retention time is desirable. In 
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this case, crystallization is carried out at a considerably high degree of supersaturation. Unless the seed crystal is fed. 
a large amount of nuclei is generated, thus preventing sufficient growth of the crystal. On the other hand, the seed crys- 
tal, when being present at a proper concentration, contributes to sufficient growth of the crystal by precipitating 2,6- 
DMN on the surfaces of the seed crystal and also to marked enhancement of the purity of the objective crystal. This is 
presumably because precipitation of the crystal on the surfaces of the seed crystal prevails over crystal agglomeration. 

The method for preparing the seed crystal to be used in the method ® is not specifically limited provided that it is 
grown to some extent. For example, the seed crystal can be formed by feeding the raw material for crystallization in a 
seed crystal preparation tank and crystallizing the same by a batchwise process at a sufficiently low cooling rate of th e 
liquid to be crystal lized or at a sufficiently low distillation rate of the solvent. Alternatively, the seed crystal can be formed f ^ 

w Hy raVrylng nut at least one time, the steps of taking out a part of the slu rry in the crvstallizer. feeding the same in the \ 

seed crystal preparation tank, once dis solving a part of _the crystal by raising the, temperature thereof , adrijjncua,s i o,ly^n,t„ l „., V Q 
or the like procedure, and then recrystaflizing the slurry by cooling or removjng t he solvent. The seed crystal formed by V~ 
the latter method is particularly suitable for the purpose. 

Any method other than the foregoing can enhance the crystal purity, provided that the method is capable of accel- 

15 erating crystal growth. 

The second aspect of the invention relates to a process for producing 2,6-DMN which comprises crystallizing 2,6- 
DMN from a mixture of DMN isomers in the presence of a solvent tq_ precipitate the sa me, f iltering the 2,6-DMN crysta l 
thus precipitated by means of a firtenng^apparatus. separating the resultant filter cake from filter cloths, and thereafter 
cleaning the filter cloths by using any of various solvents, preferably at a temperature not lower than a filtering temper- 
20 ature. 

It is preferable in the second aspect of the invention that the slurry obtained by crystallization be continuously fil- 
tered by the use of a rotary vacuum filter (hereinafter abbreviated to "RVF"). RVF is a continuous solid-liquid separation 
apparatus in which a part of a cylindrical filter cloth is immersed in a slurry to filter the slurry with suction by rotating the 
filter cloth. In a RVF. the cake which is formed on the filter cloth by immersing the filter cloth in the slurry and depressu- 
25 ring the cylinder inside to suck mother liquor, is washed with a suitable rinsing liquid and is peeled off from the filter cloth 
for recovery thereof. The recovere d cake c ontains a solvent an d the rinsing liquid , but can be made into highly pure 2.6- 
DMN by removing the solvent andc^he rinSyrrg^j quid by means of distillati on Pith*, "^ft^^ . 

A RVF is imparted with excellerrtaWaTifeTges in tharthe use therepr enaDies not only solid-liquid separation but also 
a series of continuous operatipns including cake rinsing, suction of the rising liquid and cake peeling off and further ena- 
30 bles highly pure 2,6-DMN to be produced by continuous single-stage operation. A RVF is advantageous in that mechan- 
ical troubles are less apt to occur because of a low rotational speed and that the maintenance work is simplified. 

In the case of solid-liquid separation by means of a RVF, the steps of immersing a fitter cloth in slurry, sucking 
mother liquor, rinsing cake and peeling the cake are carried out in turn. The mother liquor remaining in the cake is 
sucked and then the cake collected on the filter cloth which has been immersed in the slurry is washed with a proper 
35 rinsing liquid. Preferably the rinsing liquid is the same as the solvent which is used in the crystallization. Subsequently 
the rinsing liquid remaining in the cake is sucked, and the cake is peeled off from the filter cloth and recovered. The sol- 
vent and rinsing liquid still remaining in the cake are removed from the cake thus recovered to afford highly pure 2,6- 
DMN. ^ — . 

in the second aspect of the invention, the filter cloth isfyashebsfrom the time of the cake peeling to the time of the 
40 filter cloth immersion in the slurry. This washing enables 2,6^Mfsrwhich is the cause for filter cloth plugging up to be 
dissloved and the filtering treatment capacity to be steadily maintained for a log period of time without discontinuing the 
RVF operation. The operation of washing the filter cloth may be carried out continuously at all times or intermittently 
according to the degree of filter cloth plugging up. 

The cleaning liquid for the filter cloth to be used in the second aspect of the invention is to be liquid under the oper- 
as ational conditions, capable of dissolving 2,6-DMN and compatible with the mother liquor and the rinsing liquid and pref- 
erably be low in reactivity with 2,6-DMN and easily separable from DMN. The cleaning liquid is not specifically limited, 
but is preferably the same as the solvent for crystallization or the cake rinsing liquid from the viewpoint of recovery and 
separation of the mother liquor, the rinsing liquid and the cleaning liquid. 

The above-mentioned aliphatic and alicyclic saturated hydrocarbons suitable for crystallization are imparted with 
so all the necessary requirements, that is, being in the form of liquid, capability of dissolving 2,6-DMN, compatibility with 
the mother liquor and the rinsing liquid, low reactivity with 2,6-DMN and easiness of separation from DMN, and thus are 
preferably usable as the cleaning liquid for the filter cloth. 

The cleaning of the filter cloth is intended for dissolving on the filter cloth, the crystal precipitated by cooling, and is 
conducted preferably at a temperature not lower than the filtration temperature, that is. the slurry temperature. The use 
55 of a hot solvent as the cleaning liquid for the filter cloth enables high performance cleaning effect, thus minimizing the 
period of time required for the cleaning as well as the amount of the cleaning liquid to be used. 

The amount of the cleaning liquid per unit time for achieving satisfactory cleaning effect is determined by the filter 
cloth area and the filter constitution. In the case of using a hot solvent which enables high performance cleaning effect, 
the amount of the cleaning liquid to be used can be decreased by intermittently carrying out the cleaning at a regular 



T1 



EP 0 792 858 A2 

time interval. The aforesaid amount per unit time and cleaning hours are determined so as to select optimum conditions 
taking the expectable cleaning effect into consideration. 

As described hereinbefore, it is well suited for the production of 2,6-DMN crystal to carry out filtration by the use of 
a filter such as a RVF, to use a solvent capable of dissolving the crystal as the cleaning liquid for filter cloth at the time 
5 of cleaning the filter after peeling off the cake, and to set the cleaning temperature on a temperature not lower than the 
filtration temperature, that is, the slurry temperature. The aforesaid procedures are applicable not only to the 2,6-DMN 
crystal system but also to the recovery of crystal from a slurry in general. 

In this way, it is made possible according to the first and second aspects of the present invention to continuously 
operate the filter (RVRetc.) and produce highly pure 2,6-DMN steadily for a long period of time without causing filter 
w cloth plugging up by cleaning the filter cloth after filtration to clean the crystal stuck to the filter cloth, to minimize filter 
cloth cleaning hours and the consumption of the cleaning liquid by cleaning the filter cloth at a high temperature, and 
thus to proceed with the curtailment of utilities required, and labor saving in the operation, thereby realizing the indus- 
trially advantageous production of highly pure 2,6-DMN. 

Moreover the third aspect of the invention relates to a process for producing a 2,6-naphthalenedicarboxylic acid by 
75 subjecting the 2,6-DMN produced according to the first and second aspects of the invention to liquid-phase oxidation. 

Particulary preferable 2,6-DMN to be used in the third aspect of the invention includes 2,6-DMN which is obtained 
by isomerizing 1 ,5-DMN produced from o-xylene and butadiene as starting raw materials, and subjecting the resultant 
isomerization reaction product to a crystallizing treatment according to the first aspect of the invention; 2,6-DMN which 
is obtained by filtering treatment according to the second aspect of the invention; and 2,6-DMN which is obtained 
20 according to the combination of the first and second aspects of the invention. The isomerization reaction product from 
1 ,5-DMN is produced by cyclizing o-tolylpentene-2 formed from o-xylene and butadiene to produce 1 ,5-demethyltetra- 
lin, dehydrogenating the same to produce 1 ,5-DMN and isomerizing the 1 ,5-DMN, and is a mixture of isomers consist- 
ing essentially of 1 .5-. 1 ,6- and 2,6-DMN. 

The liquid-phase oxidation process for 2,6-DMN can be selected for use from the conventional well-known process 
25 without specific limitation. In general, mention may be made of a process in which 2,6-DMN is subjected to liquid-phase 
oxidation by molecular oxygen in a solvent such as acetic acid in the presence of a catalyst of Co-Mn-Br system, and 
more specifically, of a process in which 2,6-DMN is subjected to liquid-phase oxidation by air in a solvent comprising 
acetic acid or water-containing acetic acid containing a small amount of water in the presence of a catalyst composed 
of a cobalt compound, a manganese compound and a bromine compound under reactional conditions including a pres- 
30 sure of 5 to 40 kig/cm^G, approximately and a temperature of 180 to 250°C, approximately, which process enables the 
production of 2.6-naphthalenedicarboxylic acid at a high yield of 80% or more. The catalyst is used in amounts of usu- 
ally 0.002 to 0.1 mol as cobalt atom, 0.01 to 0.2 mol as manganese atom and 0.01 to 0.2 mol as bromine atom each 
based on one mol of 2.6-DMN as the starting raw material. 

According to the process of the present invention for producing 2,6-DMN. the precipitated 2.6-DMN crystal is 
35 remarkably improved in filterability with great change in its properties, and highly pure 2.6-DMN is obtained in high yield 
in an industrially advantageous manner by making an aliphatic or alicyclic saturated hydrocarbon as a solvent coexist 
in the crystallizing treatment of the mixture of DMN isomers. It is particularly effective to use. as the mixture of DMN 
isomers, the isomerization reaction product from 1 ,5-DMN which is formed from o-xylene and butadiene as the starting 
raw materials. 

40 By subjecting the 2,6-DMN thus obtained to liquid-phase oxidation, a 2,6-naphthalenedicarboxylic acid is extremely 
advantageously produced which is useful as a starting raw material for high performance polyester, and the like. In addi- 
tion, by esterifying the 2,6-naphthalenedicarboxylic acid thus obtained, a corresponding ester, for example, a methyl 
ester is efficiently obtained. 

In the following, the present invention will be described in more detail with reference to working examples, which 
45 however shall not limit the present invention thereto. The concentration of each of the components in the following work- 
ing examples, comparative examples and reference examples was obtained by gas chromatography. 

Reference Example 1 

so DMN comprising as a principal component. 1 ,5-DMN which had been synthesized from o-xylene and butadiene as 
starting raw materials was isomerized in the presence of HF as the catalyst to afford a DMN isomerization reaction 
product having chemical composition as given in Table 1 . 

Reference Example 2 

55 

DMN comprising as a principal component, 1 ,5-DMN which had been synthesized from o-xylene and butadiene as 
starting raw materials was isomerized in the presence of mordenite (produced by Tosoh Corporation) as the catalyst to 
afford a DMN isomerization reaction product having chemical composition as given in Table 1 
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Table 1 



Composition(wt%) 



Reference Example 1 



Reference Example 2 



1,5-DMN 



8.54 



15.73 



2,6-DMN 



1,6-DMN 





45.87 



10 



Other DMN isomers 



Low boiling substances 
High boiling substances 



0.60 



1.80 



0.87 



1.11 



75 



[First aspect of the invention] 
20 Example 1 

100 g of the DMN isomerization reaction product produced in Reference Example 1 and 100 g of n-heptane were 
placed in a 400 milliliter (mL) glass container equipped with a stirrer under stirring and heating to 75°C to form homo- 
geneous liquid as a whole. It was cooled under stirring to 50°C, then further cooled t o 20°C over a period of 2 hours, 

25 and maintained thereat for 30 min. to precipitate crystal. The precipitated crystal was in the form of board. The content 
in the glass container was filtered by suction with a G2 glass filter (standard maximum diameter of opening of 100 to 
150 *im), and the crystal thus obtained was analyzed. As a result, the purity of the 2,6-DMN crystal was 91.3%. After 
the filtration by suction, the crystal was rinsed with 30j^fjvt>§Btane-at-20 o C to afford 32.6 g of DMN crystal having 
chemical composition as given in Table 2. The percentage of 2.6-DMN in the resultant crystal based on 2,6-DMN in the 

30 starting raw material (hereinafter referred to as "crystal yield*) was 66.4%. 



The procedure in Example 1 was repeated to precipitate crystal except that 60 g of cyclohexane was used in place 
35 of 100 g of n-heptane. The precipitated crystal was in the form of board. The content in the glass container was filtered 
by suction with a G2 glass filter, and the crystal thus obtained was analyzed. As a result, the purity of the 2,6-DMN crys- 
tal was 88.7%. After the filtration by suction, the crystal was rinsed with 30 g of n-heptane at 20°C to afford 34.0 g of 
DMN crystal having chemical composition as given in Table 2 at a crystal yield of 69.1%. 

40 Comparative Example 1 

The procedure in Example 1 was repeated to precipitate crystal except that the DMN isomerization reaction prod- 
uct was used in an amount of 200 g and that the use of n-heptane was intentionally omitted. The precipitated crystal 
was in the form fine scale. The content in the glass container was filtered by suction with G2 glass filter and the crystal 
45 thus obtained was analyzed. As a result, the purity of the 2,6-DMN crystal was 74.1%. After the filtration by suction, the 
crystal was rinsed with 1 0Og of n-heptane at 20°C to afford 88.2 g of DMN crystal having 2,6-DMN purity of 83.0% at a 
crystal yield of 75.1%. 

Comparative Example 2 

50 

200 g of the DMN isomerization reaction product produced in Reference Example 1 was placed in a 400 milliliter 
(mL) glass container which had been used in Example 1 under heating to 75°C to melt into liquid as a whole. It was 
cooled to 45°C over a period of 2 hours, and maintained thereat for 30 min. to precipitate crystal. The precipitated crys- 
tal was in the form of fine scale. The content in the glass container was filtered by suction with a G2 glass filter and the 
55 crystal thus obtained was analyzed. As a result, the purity of the 2.6-DMN crystal was 78.2%. After the filtration by suc- 
tion, the crystal was rinsed with 100 g of n-heptane at 20°C to afford 74.6 g of DMN crystal having 2.6-DMN purity of 
84.7% at a crystal yield of 64.8%. Although the crystal yield is comparable to that in Example 1 , 2.6-DMN purity is 
remarkable low as compared with that in Example 1 in spite of the amount of n-heptane used for rinsing much larger 
than the amount in Example 1. 



Example 2 
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Example 3 

The procedure in Example 1 was repeated to carry out crystallization, filtration and rising except that toluene was 
used in place of n-heptane. As a result there was obtained 29.6 g of DMN crystal having chemical composition as given 
5 in Table 2 at a crystal yield of 57.4%. The precipitated crystal was larger than that obtained by cooling the DMN isomer- 
ization reaction product as such under a solventless condition, but was smaller than that obtained by using n-heptane. 
The purity of the resultant crystal was higher than that obtained by cooling the DMN isomerization reaction product as 
such under the solventless condition, but was lower than that obtained by using n-heptane. 

10 Example 4 

The procedure in Example 1 was repeated to precipitate crystal except that 100 g of the DMN isomerization reac- 
tion product produced in Reference Example 2 and 100 g of isooctane were used in place of the product from Refer- 
ence Example 1 and n-heptane, and that the homogeneous liquid was cooled from 50°C to 0°C over a period of 3 
15 hours. The precipitated crystal was in the form of board. Then the content in the glass container was filtered by suction 
with a G2 glass filter, and the crystal thus obtained was analysed. As a result, the purity of the 2,6-DMN was 86.3%. 
Thereafter, the crystal was rinsed with 30 g of isooctane at 0°C to afford 24.8 g of DMN crystal having chemical com- 
position as given in Table 2 at a crystal yield of 70.1%. 

20 

Table 2 



Composition(wt%) 


Example 1 


Example 2 


Example 3 


Example 4 


1,5-DMN 


0.12 


0.15 


0.91 


0.21 


1,6-DMN 


0.56 


0.73 


4.39 


0.61 


2,6-DMN 


^9^31^) 


99.10 


94.54 


99.15 


Other DMN isomers 


<0.01 


<0.01 


<0.01 


<0.01 


Low boiling substances 


<0.01 


0.01 


0.06 


0.02 


High boiling substances 


0.01 


0.01 


0.09 


0.01 



35 

Comparative Example 3 

200 g of the DMN isomerization reaction product produced in Reference Example 2 was placed in a 400 milliliter 
(mL) glass container which had been used in Example 1 under heating to 75 U C to melt into liquid as a whole. It was 

40 cooled to 45 U C over a period of 2 hours, and maintained thereat for 30 min. to precipitate crystal. The precipitated crys- 
tal was in the form of fine scale. The content in the glass container was filtered by suction with a G2 glass filter and the 
crystal thus obtained was analyzed. As a result, the purity of the 2,6-DMN crystal was 68.5%. After the filtration by suc- 
tion, the crystal was rinsed with 100 g of n-heptane at 20°C to afford 30.5 g of DMN crystal having 2,6-DMN purity of 
77.3% at a crystal yield of 33.6%. Although the crystal concentration at the time of crystallization was almost the same 

45 as that in Example 4, 2,6-DMN purity is remarkably low because of the poor properties of the precipitated crystal in 
spite of the amount of the rinsing liquid much larger than the amount in Example 4. 

Example 5 

so A mixture of DMN isomers comprising 1 ,5-DMN as a principal component and a mixture of DMN isomers compris- 

ing 1 ,7-DMN as a principal component were mixed and isomerized in the presence of mordenite type H as the catalyst 
to afford a DMN isomerization reaction product (starting raw material for crystallization) having chemical composition 
as given in Table 3. 

100 g of the DMN isomerization reaction product produced in such a manner and 100 g of n-heptane ware placed 
55 in a 400 milliliter (mL) glass container equipped with a stirrer under stirring and heating to 75°C to form homogenerous 
liquid as a whole. It was cooled under stirring to 50°C. then further cooled to 10°C over a period of 3 hours, and main- 
tained thereat for 30 min. to precipitate crystal. The precipitated crystal was in the form of board. The content in the 
glass container was filtered by suction with a G2 glass filter, and the crystal thus obtained was analyzed. As a result, 
the purity of the 2,6-DMN crystal was 90.7%. After the filtration by suction, the crystal was rinsed with 30 g of n-heptane 
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at 10°C to afford 24.1 g of DMN crystal having chemical composition as given in the Table 3 at a crystal yield of 60.6%. 



Example 6 

The procedure in Example 5 was repeated to carry out crystallization, filtration and rinsing except that decalin was 
used in place of n-heptane. As a result, there was obtained DMN-crystal having chemical composition as given in Table 
3 in an amount ol 23.6 g at a crystal yield of 59.4%, 



Table 3 



Composition(wt%) 


Starting raw material for 
crystallization 


Example 5 


Example 6 


1,5-DMN 


11.12 


0.11 


0.10 


1.6-DMN 


35.09 


0.36 


0.31 


2,6-DMN 


39.44 


99.13 


^025? 


1,7-DMN 


5.43 


0.03 


0.04 


2,7-DMN 


4.71 


0.31 


0.25 


Other DMN isomers 


2.03 


0.03 


0.02 


Low boiling substances 


1.36 


0.02 


0.02 


High boiling substances 


0.82 


0.01 


0.01 



[First aspect of the invention: suppression of crystal adhesion] 

30 

Example 7 

Crystallizing operation was carried out by the use of a tank-type crystallizer comprising a vertical cylindrical vessel 
which had an inside diameter of 1000 mm and a cylinder length of 2000 mm and was equipped with a stirrer; a cooling 

35 jacket with a heat transfer area of 5.1 m 2 ; 4 baffle plates inside; a thermometer inserted at the bottom portion thereof 
for measuring the temperature of the content in the vessel; and an overflow pipe at the top portion thereof for maintain- 
ing the volume of the liquid (slurry) in the vessel at 1.3 m 3 by withdrawing the content therethrough as an overflow. 

The mixture of 1,5-DMN and n-heptane as the solvent was isomerized to afford an isomerization reaction product 
having chemical composition as given in Table 4. This product as the starting raw material tor crystallization was heated 

40 to 80"C to form homogeneous liquid as a whole, preliminarily fed in the crystallizer at 80°C up to the overflow level and 
cooled with stirring to 60°C. When the temperature inside the crystallizer reached 60°C, the raw material at 80°C was 
continuously fed therein from the bottom at a constant rate of 200 kg/hr, which was the starting time of crystallizing 
operation. 

Simultaneously with the starting time, cooling water at 40°C was passed through the jacket to cool the content in 
as the crystallizer, the temperature of which was maintained at 80°C by regulating the flow rate of the cooling water at 40°C 
to be passed through the jacket. The content therein was mixed at an agitation power of 1 .8 kW/m 3 , and the slurry con- 
taining precipitated crystal was continuously taken out from the top portion as the overflow. The aforesaid operation was 
continued for 24 hours, during which time the cooling performance of the jacket and the cooling water flow rate of 0.17 
m 3 /hr in average were stabilized, enabling continuous operation without any trouble. The concentration of the crystal in 
so the slurry which was continuously taken out by overflowing was also stable at about 14% by weight After the lapse of 
24 hours, the feeding of the raw material and the cooling water was stopped, and the slurry and cooling water were 
entirely withdrawn through the bottom of the crystallizer. Then, the inside of the vessel was observed. As a result, no 
crystal adhesion was observed even at the jacket fitted portion. The crystal was separated from the resultant slurry and 
recovered as 2,6-DMN having purity of 99.2%. 
55 The above-mentioned procedure was repeated except that the cooling water temperature was set at 1 0°C. The flow 
rate of the cooling water was 0.07 m 3 /hr at the start of the crystallizing operation and was comparatively stable until 3 
hours after the start. However, after the lapse of 3 hours from the start thereof, the flow rate of the cooling water began 
to increase because of lowered heat transfer performance, and after the lapse of 8 hours therefrom, the flow rate 
reached its upper limit of 5.0 m 3 /hr. Thereafter the temperature inside the crystallizer began to rise because of the insuf- 
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ficient cooling capacity. Thus after the lapse of 8.5 hours therefrom, feeding of the raw material and the cooling water 
was stopped. Then the slurry and cooling water were entirely withdrawn through the bottom of the crystallizer, and the 
inside of the vessel was observed. As a result, there was observed crystal scale in a thickness of about 5 mm stuck to 
the jacket fitted portion. 

5 

Example 8 

Crystallizing operation was carried out by the use of a tank-type crystallizer comprising a vertical cylindrical vessel 
which had an inside diameter of 1000 mm and a cylinder length of 3000 mm and was equipped with an overhead con- 
w denser; a gas-liquid separator at the top portion; 4 baffle plates inside; and a thermometer inserted at the bottom por- 
tion thereof for measuring the temperature of the content in the vessel, so that the components evaporated in the vessel 
were condensed in the condenser and separated in the separator into liquid components to be circulated through the 
vessel and gaseous components to be sucked with a vacuum pump. 

The isomerization reaction liquid product from 1 ,5-DMN and n-heptane as the solvent were mixed to afford a mix- 
15 ture of DMN and n-heptane having chemical composition as given in Table 4. This mixture as the starting raw material 
for crystallization was heated to 65°C to form homogeneous liquid as a whole. 

Firstly, the crystallizer was charged with 1 .3 m 3 of n-heptane at about 40°C and was gradually depressurized. 
When the pressure in the crystallizer reached 90 Torr. the n-heptane began to boil, and simultaneously therewith the 
feeding of the raw material kept at 65°C was started at a feed rate of 200 kg/hour, which was kept constant during the 
20 crystallizing operation. The raw material was fed at a middle stage and the slurry containing precipitated crystal was 
taken out through the bottom portion of the vessel so as to maintain the slurry amount of 1.2 to 1.4 m 3 in the vessel. 
During the operation, the temperature in the vessel was kept at 40°C by regulating the degree of depressurization and 
the agitation power was set on 1 .8 kW/m 3 . 

The above-mentioned operation was continued for 24 hours from the start of feeding the starting raw material for 
25 crystallization, during which time continuous operation was possible without any trouble, including the pressure in the 
vessel of about 50 Torr. during steady period and the average heat load for the condenser of about 4000 kcal/hr. 

The concentration of the crystal in the slurry which was continuously taken out was also stable at about 14% by 
weight. After the lapse of 24 hours, the feeding of the raw material was stopped, the pressure in the crystallizer was 
returned to atmospheric pressure, and the slurry was withdrawn through the bottom thereof. Then the inside of the crys- 
30 tallizer was observed. As a result, no crystal adhesion onto the inside wall was observed. The crystal was separated 
from the resultant slurry and recovered as 2,6-DMN having purity of 99.3%. 



Table 4 



Composition of starting raw material for crystallization (wt%) 




Example 7 


Example 8 


Example 18 


n-Heptane 


10.0 


40.1 




Toluene 






10.0 


2,6-DMN 


43.9 


29.7 


43.6 


1,6-DMN 


37.0 


25.0 


37.1 


1 ,5-DMN 


7.7 


5.2 


7.9 


Other DMN 


0.1 


0.1 


0.1 


Low boiling substances 


0.5 


0.4 


0.5 


High boiling substances 


0.8 


0.5 


0.8 



50 



Example 9 

Crystallizing operation was carried out by the use of the crystallizer which was used in Example 8 but was modified 
as follows. ® Instead of the vacuum pump, a gas circulator was installed to introduce the gas discharged therefrom 
into the crystallizer from the bottom portion; © a gas disperser was installed at the bottom portion to uniformly disperse 
the introduced gas into the slurry in the crystallizer through 6 nozzles each having an inside diameter of 10 mm; and ® 
the content in the crystallizer was cooled by evaporating n-heptane as the solvent through introduction of the gas. 
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There was used the same mixture as in Example 8 as the starting raw material for crystallization. 
Firstly, the crystallizer was charged with 1 .3 m 3 of n-heptane at about 40°C as the solvent and nitrogen gas through 
the nozzles at the bottom portion. In a state that the crystallizer inside was kept at atmospheric pressure, approximately, 
the feed rate of nitrogen gas through the nozzles was gradually increased. When the feed rate reached 70 Nm 3 /hr the 

5 feeding of the raw material kept at 65°C was started at a feed rate of 200 kg/hour, which was kept constant during the 
crystallizing operation. The raw material was fed at a middle stage and the slurry containing precipitated crystal was 
taken out through the bottom portion of the vessel so as to maintain the slurry amount of 1.2 to 1.4 m 3 in the vessel. 
During the operation, the temperature in the vessel was kept at 40°C by regulating the amount of nitrogen to be blown 
and the agitation power was set on 1 .8 KW/m 3 . 

io The above-mentioned operation was continued for 24 hours from the start of feeding the starting raw material for 
crystallization, during which time continuous operation was possible without any trouble, including the amount of nitro- 
gen blown of about 70 Nm 3 /hr during steady period and the average heat load for the solvent vapor condenser of about 
4000 kcal/hr. 

The concentration of the crystal in the slurry which was continuously taken out was also stable at about 14% by 
75 weight. After the lapse of 24 hours, the feeding of the raw material and the blowing of nitrogen were stopped, and the 
slurry was withdrawn through the bottom thereof. Then the inside of the crystallizer was observed. As a result, no crys- 
tal adhesion onto the inside wall was observed. The crystal was separated from the resultant slurry and recovered as 
2.6-DMN having purity of 99.5% 

20 Example 10 

Crystallizing operation was carried out by the use of the starting raw material for crystallization and the apparatus 
that are same as in Example 8 and liquefied propane as the solvent. 

Firstly, the crystallizer was charged with 1 .3 m 3 of n-heptane at about 60°C and then n-heptane at 60°C at a feed 
25 rate of 1 00 kg/hr at the middle portion thereof, while liquefied propane was fed therein through the nozzles at the bottom 
portion, during which time the content in the crystallizer was continuously taken out through the bottom portion thereof 
to maintain the volume of the liquid at 1.2 to 1 A m 3 . When the temperature in the crystallizer reached 40°C. the feeding 
of the raw material kept at 65°C was started at a feed rate of 200 kg/hr, which was kept constant during the crystallizing 
operation. The feed rate of liquefied propane was regulated so as to keep the temperature of the content at 40°C, while 
30 the pressure in the crystallizer was maintained at atmospheric pressure, approximately. The slurry containing precipi- 
tated crystal was taken out through the bottom portion of the vessel so as to maintain the slurry amount of 1 .2 to 1 .4 m 
in the vessel. During the operation, the agitation power was set on 1 .8 kW/m 3 . 

The above-mentioned operation was continued for 24 hours from the start of feeding the starting raw material for 
crystallization, during which time continuous operation was possible without any trouble, including the feed rate of the 
35 liquefied propane of about 37 kg/hr. 

The concentration of the crystal in the slurry which was continuously taken out was also stable at about 13% by 
weight. After the lapse of 24 hours, the feeding of the raw material and the liquefied propane was stopped, and the 
slurry was withdrawn through the bottom thereof. Then the inside of the crystallizer was observed. As a result, no crys- 
tal adhesion onto the inside wall was observed. Trie crystal was separated from the resultant slurry and recovered as 
40 2,5-DMN having purity of 99.6%. 

[First aspect of the invention: suppression of crystal agglomeration] 
Example 1 1 

45 

(1 ) Crystallization and crystal separation were carried out by the use of a tank-type crystallizer comprising a vertical 
cylindrical vessel which had an inside diameter of 1000 mm and a cylinder length of 2500 mm and was equipped 
with a stirrer; a cooling jacket; 4 baffle plates inside; and a thermometer inserted at the bottom portion thereof for 
monitoring the inside temperature, and by the use of a rotary vacuum filter (RVF) as the crystal separator. In brief, 

so the starting raw material for crystallization was fed in the vessel at the top thereof. The slurry in the vessel was 
taken out therefrom at the bottom thereof and was sent with a pump, to the RVF, where the slurry was filtered and 
rinsed to afford crystal. Specifically, the isomerization reaction product obtained by isomerizing 1 ,5-DMN which had 
been produced from o-xylene and butadiene was mixed with n-heptane as the solvent to form a mixture having 
chemical composition as given in Table 5, and the resultant mixture was used as the raw material. 

55 At first, the crystallizer was charged with 0.6 m 3 of the raw material at 65°C and gradually cooled inside by 

passing cooling water at 30°C through the jacket as low as 40°C over a period of 5 hours, under stirring of the con- 
tent in the crystallizer. At the point of time when the inside temperature reached 40°C, continuous feeding of the 
starting raw material was started at a constant feed rate of 200 kg/hr, while the flow rate of cooling water was reg- 
ulated so as to keep the temperature inside the crystallizer at 40°C. Simultaneously with the start of feeding the raw 
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material in the crystallizer, the slurry therein was continuously taken out to filter it with the RVR The volume of the 
slurry in the crystallizer was kept at 0.6 m 3 by controlling the number of revolutions of the RVR 

The average retention time of the raw material in the crystallizer was 2.6 hours. The agitation speed and agi- 
tation power in the crystallizer were set on 100 rpm, and 0.6 kW/m 3 , respectively. With regard to the operation of 
5 the RVF, the cake was uniformly rinsed with n-heptane at 40°C as the rising liquid at a feed rate of 30 kg/hr. The 

aforesaid operation of crystallization and crystal separation was continued for 72 hours, and the crystal discharged 
from the RVF was sampled at a prescribed time interval to examine the purity of 2,6-DMN in the resultant crystal. 
The relationship between the elapsed operation hour and the purity of 2,6-DMN is given in Table 7. The slurry con- 
centration in the crystallizer during the operation was about 14% by weight, which was almost constant. 

10 



Table 5 





Composition of starting raw material for crystallization (wt%) 


75 




Example 11 etc.* 


Examples 19-20 




n-Heptane 


40.1 






Toluene 




40 




2,6-DMN 


29.7 


29.6 


20 


1,6-DMN 


25.0 


25.0 




1,5-DMN 


5.2 


5.2 




Other DMN 


0.1 


0.1 


25 


Low boiling substances 


0.4 


0.4 




High boiling substances 


0.5 


0.5 



" Example 1 1 etc. means Examples 1 1-17 and Comparative Example 4. 



30 

(2) The above-mentioned procedure was repeated to carry out crystallization and crystal separation except that the 
holdup amount in the crystallizer was set on 1 .8 m 3 , whereby the average retention time of the raw material is made 
to be 8 hours. 

35 The slurry concentration in the crystallizer during the operation was about 14% by weight, which was almost 

constant. In the same manner as in the preceding item (1). the crystal discharged from the RVF was sampled at a 
prescribed time interval to examine the purity of 2,6-DMN in the resultant crystal. The relationship between the 
elapsed operation hour and the purity of 2,6-DMN is given in Table 7. 

40 Example 12 

The procedure in Example 1 1 (2) was repeated to carry out crystallization and crystal separation except that the 
crystallizer which had been used in Example 1 1 was equipped with a circulation pump, which was used to take out the 
slurry in the crystallizer through the bottom and circulate the same to the top thereof at a flow rate of 2 m 3 /hr. The cir- 
45 culation pump was an open impeller type centrifugal pump driven with a two pole 3.7 KW electric motor. The slurry con- 
centration in the crystallizer during the operation was about 14% by weight, which was almost constant. In the same 
manner as in Example 1 1 . the objective crystal was sampled at a prescribed time interval to examine the purity of 2,6- 
DMN in the crystal. The relationship between the elapsed operation hour and the purity of 2,6-DMN is given in Table 7. 

so Example 13 

The procedure in Example 1 1 (2) was repeated to carry out crystallization and crystal separation except that the 
agitation speed and agitation power in the crystallizer were set on 150 rpm, and 1 .8 kW/m 3 , respectively, whereby the 
thearetical power applied to the slurry was 3.4 times that in Example 1 1 (2). The slurry concentration in the crystallizer 
55 during the operation was about 14% by weight, which was almost constant. In the same manner as in Example 1 1, the 
objective crystal was sampled at a prescribed time interval to examine the purity of 2,6-DMN in the crystal. The rela- 
tionship between the elapsed operation hour and the purity of 2,6-DMN is given in Table 7. 

After the lapse of 48 hours from the start of the operation, a sample of crystal discharged from the RVF was col- 
lected for analysis. It contained 26% by weight of n-heptane. The chemical composition by weight of the cake from 
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which n-heptane was removed is given in Table 6 (before reslurrying). 

One part by weight of the crystal containing 26% by weight of n-heptane was dispersed in one part by weight of n- 
heptane at 20°C, and the resulting dispersion was filtered by suction with G2 filter (standard maximum diameter of 
opening of 100 to 150 urn). The chemical composition by weight of the crystal from which n-heptane was removed is 
£ given in Table 6 (after reslurrying). The amount of 2,6-DMN in the crystal obtained after this reslurrying was 86% based 
on the amount of 2,6-DMN in the cake which was dispersed in n-heptane. It can be seen that 2,6-DMN crystal having 
extremely high purity is obtained by reslurrying the crystal which is discharged from the RVF. 



Table 6 



Composition(wt%) 


Before reslurrying 


After reslurrying 


2,6-DMN 


99.3 


99.8 


1,6-DMN 


0.3 


0.1 


1,5-DMN 


0.1 


0.0 


Other DMN 


0.0 


0.0 


Low boiling substances /high boiling substances 


0.3 


0.1 
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[First aspect of the invention: acceleration of crystal growth] 
25 Example 14 

Crystallization and crystal separation were carried out by the use of a tank-type crystallizer comprising a vertical 
cylindrical vessel which had an inside diameter of 1000 mm and a cylinder length of 2500 mm and was equipped with 
a stirrer; a cooling jacket; 4 baffle plates inside; and a thermometer inserted at the bottom portion thereof for monitoring 

30 the inside temperature, and by using a rotary vacuum filter (RVF) as the crystal separator. In brief, the starting raw 
material for crystallization was fed in the vessel at the top thereof. The slurry in the vessel was taken out therefrom at 
the bottom thereof and was sent, in part, with a circulation pump to a double tube type heat exchanger, where the slurry 
was heated with steam from outside. Subsequently the slurry thus heated was returned to the crystallizer at the top 
thereof and cooled again. The balance of the slurry withdrawn from the crystallizer was fed with a pump, to the RVF, 

35 where the slurry was filtered and rinsed to afford crystal. 

Specifically, the same composition as in Example 1 1 was used as the raw material. 

At first, the crystallizer was charged with 1 .8 m 3 of the raw material at 65°C and gradually cooled inside by passing 
cooling water at 30°C through the jacket as low as 40°C over a period of 5 hours, under stirring of the content in the 
crystallizer. At the point of time when the inside temperature reached 40°C, the slurry in the crystallizer was sent to the 

40 heat exchanger at a flow rate of 300 kg/hr by means of the circulation pump and was circulated through the crystallizer 
from the top thereof. Simultaneously therewith, the feeding of the raw material in the crystallizer was started at a con- 
stant feed rate of 200 kg/hr, and the slurry therein was continuously taken out to filter it with the RVF. The volume of the 
slurry in the crystallizer was kept at 1 .8 m 3 by controlling the number of revolutions of the RVF, and the inside temper- 
ature was kept at 40°C by controlling the flow rate of the cooling water. 

as In the heat exchanger, the slurry was heated with steam, the feed rate of which was regulated so as to return the 

slurry at45°C to the crystallizer. Thereby recrystallization was effected through the circulation of the partially dissolved 
crystal to the top of the crystallizer, whereby the growth of crystal was accelerated. 

The average retention time of the raw material in the crystallizer was 8 hours. The agitation speed and agitation 
power in the crystallizer were set on 1 00 rpm, and 0.6 kW/m 3 respectively. With regard to the operation of the RVF, the 

so cake was uniformly rinsed with n-heptane at 40°C as the rising liquid at a feed rate of 30 kg/hr. The aforesaid operation 
of crystallization and crystal separation was continued for 72 hours, and the crystal discharged from the RVF was sam- 
pled at a prescribed time interval to examine the purity of 2,6-DMN in the resultant crystal. The relationship between 
the elapsed operation hour and the purity of 2,6-DMN is given in Table 7. The slurry concentration in the crystallizer dur- 
ing the operation was about 15% by weight, which was almost constant. 

55 

Example 15 

The double tube type heat exchanger and the circulation pump were removed from the equipment which had been 
used in Example 14. Instead, there were used, as seed crystal preparation tanks, two vertical cylindrical vessels which 
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had each an inside diameter of 500 mm and a cylinder length of 1000 mm and were equipped with a stirrer, a cooling 
~ jacket and 4 baffle plates inside. By the use of the mixture having chemical composition same as in Example 1 1 as the 
starting raw-material and by using the aforesaid seed crystal preparation tanks, seed crystal was prepared from the raw 
material by the procedure comprising the steps of feeding 120 kg of the raw material in the form of liquid at 65°C in the 
5 tanks, cooling the raw material under stirring by passing cooling water at 30°C through the jacket, sufficiently reducing 
the cooling rate for the purpose of growing the crystal into effective seed crystal, cooling the raw material to 40°C over 
a period of 8 hours, raising the temperature thereof to 45°C, and again cooling to 40°C. Thus there was prepared a 
slurry containing 18 kg of seed crystal by the above procedure. 

Aside from the foregoing, the crystallizer was charged with 1 .8 m 3 of the raw material at 85°C and cooled inside by 
io passing cooling water at 30°C through the jacket as low as 40°C over a period of 5 hours, under stirring of the content 
in the crystallizer. At the point of time when the inside temperature reached 40°C. the feeding of the raw material in the 
crystallizer at 200 kg/hr was started, simultaneously with the feeding of the seed slurry thereinto at 10 kg/hr from the 
seed crystal preparation tanks. At the same time, the slurry in the crystallizer was continuously taken out to filter it with 
a RVF. 

15 In the same manner as in Example 14, the amount of slurry and the crystallizer inside temperature were kept at 1 .8 
m 3 and 40°C, respectively, and the operation of crystallization and crystal separation was continued for 72 hours. Dur- 
ing the operation, one of the seed crystal preparation tanks was emptied every 1 2 hours, and thus the seed crystal with- 
drawal was switched from one another at every time of emptiness to continue the feeding of the seed crystal. In the 
same manner as in Example 14, the crystal discharged from the RVF was sampled at a prescribed time interval to 

20 examine the purity of 2,6-DMN in the crystal. The relationship between the elapsed operation hour and the purity of 2,6- 
DMN is given Table 7. 



Table 7 



Purity of 2.6-DMN (wt%) 


Elapsed hour(hr) 


0 


6 


12 


24 


36 


48 


72 


Example 11 (1) 


99.6 


99.4 


99.3 


99.3 


99.2 


99.4 


99.2 


Example 1 1 (2) 


99.5 


99.0 


98.2 


97.7 


97.5 


97.1 


96.5 


Example 12 


99.7 


99.6 


99.5 


99.5 


99.4 


99.3 


99.4 


Example 13 


99.6 


99.6 


99.5 


99.4 


99.3 


99.3 


99.2 


Example 14 


99.6 


99.5 


99.3 


99.2 


99.3 


99.2 


99.2 


Example 15 


99.6 


99.4 


99.2 


99.3 


99.3 


99.4 


99.3 


Example 19 


97.5 


97.5 


97.4 


97.3 


97.2 


97.2 


97.1 


Example 20 


97.6 


97.6 


97.4 


97.3 


97.3 


97.2 


97.2 
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[Second aspect of the invention] 
45 Example 16 

By cooling the starting raw material, which was the mixture having chemical composition same as in Example 1 1 
to 40°C, there was prepared a filtration feedstock in the form of slurry with a crystal concentration of 1 5% by weight. 2,6- 
DMN crystal was separated from the filtration feedstock with a crystal concentration of 15% by weight using as a filter, 

so a RVF compring a cylindrical filtering section of 100 mm in width and 300 mm in diameter, the surface of which was 
covered with a filter cloth; rinsing nozzles for cleaning filtered cake; and cleaning nozzles for cleaning the filter cloth 
after the cake peeling. The filtration was carried out by feeding the feedstock to the RVF at a constant rate of 1 000 kg/hr; 
regulating the operational conditions such as the number of revolutions of the cylindrical filtering section and the degree 
of vacuum therein so as to attain a filtering treatment rate of 400 kg/hr; uniformly cleaning the filtered cake using n-hep- 

55 tane at 60°C as the rinsing liquid at a constant flow rate of 80 kg/hr; and continuously cleaning the filter cloth using n- 
heptane at 40°C as the liquid for cleaning the filter cloth after filtration at a constant flow rate of 30 kg/hr. 

Steady operation was made possible after about 2 minutes from the start of the filtering operation, and was contin- 
ued for 24 hours at the number of revolutions of 5 rpm and a degree of vacuum of 500 mm Hg, during which hours sta- 
ble filtering treatment could be continued without causing filter cloth plugging up. The recovery rate of the crystal in 
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filtration was about 92%. The crystal separated from the RVF by peeling was examined by optional sampling and anal- 
ysis for purity during the course of the operation. As a result, the purity of 2,6-DMN excluding n-heptane was 99.0% or 
higher. 

Comparative Example 4 

The procedure in example 1 6 was repeated to try to carry out filtration except that the filter cloth cleaning was omit- 
ted. As a result, filter cloth plugging took place in a short time from the start of the filtration, thus making it impossible 
to continue the filtration operation, since the treatment capacity of slurry filtration was limited to at most 100 kg/hr after 
the lapse of 30 minutes in spite of every possible adjustment of operational conditions of the RVF made to continue the 
operation. 

Example 17 

The procedure in Example 1 6 was repeated to carry out filtration except that the filter cloth cleaning was carried out 
intermittently instead of continuously for 2 minutes at a time interval of 20 minutes each by the use of n-heptane at 70°C 
instead of 30 ft C at a flow rate of 30 kg/hr. 

Steady operation was made possible after about 2 minutes from the start of the filtering operation, and was contin- 
ued for 24 hours, during which hours stable filtering treatment could be continued without causing filter cloth plugging. 
The recovery rate of the crystal in filtration was about 92%. The crystal separated from the RVF by peeling was exam- 
ined by optional sampling and analysis for purity during the course of the operation. As a result, the purity of 2,6-DMN 
excluding n-heptane was 99.0% or higher. 

Since the same effect was realized in Example 17 in which the cleaning was carried out intermittently for 2 minutes 
at a time interval of 20 minutes as compared with Example 16 in which the cleaning was conducted continuously, it can 
be seen that the consumption of the liquid for cleaning the filter cloth could be decreased to 1/10 only by raising the 
temperature at the time of cleaning the filter doth from 40°C to 70°C. 

First aspect of the invention: suppression of crystal adhesion 

Example 18 

By the use of the same apparatus as in Example 7, crystallizing operation was carried out by using a mixture haivng 
chemical composition as given in Table 4 which mixture was obtained by mixing toluene with the isomerization reaction 
product obtained by isomerizing 1,5-DMN produced from o-xylene and butadiene. This mixture as the starting raw 
material for crystallization was fed in the crystallizer at 80°C up to the overflow level and cooled with stirring to 60°C. 
When the temperature inside the crystallizer reached 60°C. the raw material at 80°C was continuously fed therein from 
the bottom at a constant rate of 200 kg/hr, which was the starting time of crystallizing operation. 

Simultaneously with the starting time, cooling water at 40°C was passed through the jacket to cool the content in 
the crystallizer, the temperature of which was maintained at 60°C by regulating the flow rate of the cooling water at 40°C 
to be passed through the jacket. The content therein was mixed at an agitation power of 1 .8 kW/m 3 , and the slurry con- 
taining precipitated crystal was continuously taken out from the top portion as the overflow. The aforesaid operation was 
continued for 24 hours, during which time the cooling performance of the jacket and the cooling water flow rate of 0.16 
m 3 /hr in average were stabilized, enabling continuous operation without any trouble. The concentration of the crystal in 
the slurry which was continuously taken out by overflowing was also stable at about 12% by weight. After the lapse of 
24 hours, the feeding of the raw material and the cooling water was stopped, and the slurry and cooling water were 
entirely withdrawn through the bottom of the crystallizer. Then, the inside of the vessel was observed. As a result, no 
crystal adhesion was observed even at the jacket fitted portion. The crystal was separated from the resultant slurry and 
recovered as 2,6-DMN having purity of 97.2%. 

The above-mentioned procedure was repeated except that the cooling water temperature was set at 10°C. The 
Flow rate of the cooling water was 0.07 m 3 /hr at the start of the crystallizing operation and was comparatively stable 
until 3 hours after the start. However, after the lapse of 3 hours from the start thereof, the flow rate of the cooling water 
began to increase because of lowered heat transfer performance, and after the lapse of 8 hours therefrom, the flow rate 
reached its upper limit of 5.0 m 3 /hr. Thereafter the temperature inside the crystallizer began to rise because of the insuf- 
ficient cooling capacity. Thus after the lapse of 8.5 hours therefrom, feeding of the raw material and the cooling water 
was stopped. Then the slurry and cooling water were entirely withdrawn through the bottom of the crystallizer, and the 
inside of the vessel was observed. As a result, there was observed crystal scale in a thickness of about 5 mm stuck to 
the jacket fitted portion. 
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[First aspect of the invention: suppression of crystal agglomeration] 
Example 19 

5 By the use of the same apparatus as in Example 1 1 , crystallization and crystal separation were carried out. The 

isomerization reaction product obtained by isomerizing 1,5-DMN which had been produced from o-xyiene and butadi- 
ene was mixed with toluene as the solvent to form a mixture having chemical composition same as in Example 11, and 
the resultant mixture was used as the raw material. 

At first, the crystallizer was charged with 0.6 m 3 of the raw material at 65°C and gradually cooled inside by passing 

10 cooling water at 30°C through the jacket as low as 36°C over a period of 5 hours, under stirring of the content in the 
crystallizer. At the point of time when the inside temperature reached 36°C, continuous feeding of the starting raw mate- 
rial was started at a constant feed rate of 200 kg/hr, while the flow rate of cooling water was regulated so as to keep the 
temperature inside the crystallizer at 36°C. Simultaneously with the start of feeding the raw material in the crystallizer, 
the slurry therein was continuously taken out to filter it with the RVF. The volume of the slurry in the crystallizer was kept 

75 at 0.6 m 3 by controlling the number of revolutions of the RVR 

The average retention time of the raw material in the crystallizer was 3.0 hours. The agitation speed and agitation 
power in the crystallizer were set on 100 rpm, and 0.8 kW/m 3 , respectively. With regard to the operation of the RVF, the 
cake was uniformly rinsed with toluene at 40°C as the rising liquid at a feed rate of 20 kg/hr. The aforesaid operation of 
crystallization and crystal separation was continued for 72 hours, and the crystal discharged from the RVF was sampled 

20 at a prescribed time interval to examine the purity of 2,6-DMN in the resultant crystal. The relationship between the 
elapsed operation hour and the purity of 2,6-DMN is given in Table 7. The slurry concentration in the crystallizer during 
the operation was about 1 4% by weight, which was almost constant. 

[First aspect of the invention: acceleration of crystal growth] 

25 ■ 

Example 2Q 

By the use of the same apparatus and the same raw material as in Example 14, crystallization and crystal separa- 
tion were carried out. 

30 At first, the crystallizer was charged with 1 .8 m 3 of the raw material at 65°C and gradually cooled inside by passing 
cooling water at 30°C through the jacket as low as 36°C over a period of 5 hours, under stirring of the content in the 
crystallizer. At the point of time when the inside temperature reached 36°C, the slurry in the crystallizer was sent to the 
double tube type heat exchanger at a flow rate of 300 kg/hr by means of the circulation pump and was circulated 
through the crystallizer from top thereof. Simultaneously therewith, the feeding of the raw material in the crystallizer was 

35 started at a constant feed rate of 200 kg/hr, and the slurry therein was continuously taken out to filter it with the RVF. 
The volume of the slurry in the crystallizer was kept at 1 .8 m 3 by controlling the number of revolutions of the RVF, and 
the inside temperature was kept at 36°C by controlling the flow rate of the cooling water. 

In the heat exchanger, the slurry was heated with steam, the feed rate of which was regulated so as to return the 
slurry at 42°C to the crystallizer. Thereby recrystallizaion was effected through the circulation of the partially dissolved 

40 crystal to the top of the crystallizer, whereby the growth of crystal was accelerated. 

The average retention time of the raw material in the crystallizer was 9.5 hours. The agitation speed and agitation 
power in the crystallier were set on 100 rpm, and 0.8 kW/m 3 respectively. With regard to the operation of the RVF, the 
cake was uniformly rinsed with n-heptane at 40°C as the rising liquid at a feed rate of 20 kg/hr. The aforesaid operation 
of crystallization and crystal separation was continued for 72 hours, and the crystal discharged from the RVF was sam- 

45 pled at a prescribed time interval to examine the purity of 2,6-DMN in the resultant crystal. The relationship between 
the elapsed operation hour and the purity of 2,6-DMN is given in Table 7. The slurry concentration in the crystallizer dur- 
ing the operation was about 15% by weight, which was almost constant. 

Example 21 

so 

Acetic acid in an amount of 288.9 g was mixed with 3.2 g of water, 0.64 g of cobalt acetate quadrihydrate, 5.35 g 
of manganese acetate quadrihydrate. and 1 .94 g of hydrogen bromide (47% aqueous solution) to prepare a catalyst 
solution. Then, 120.0 g of the above-prepared catalyst solution wasted in a 0.5 liter titanium-made autoclave (reactior) 
equipped with a stirrer, a reflux condenser and a raw material transfer pump. The balance 180.0 g of the catalyst solu- 
55 tion was mixed with 30.0 g of the 2.6-dimethylnaphthalene (DMN) as obtained in Example 1 . The resultant mixture was 
fed in a raw material feed tank and was heated to dissolve 2,6-DMN and prepare a raw material solution. The reaction 
system was pressurized with nitrogen gas to a regulated pressure of 18 kg/cm 2 G, and the content in the reactor was 
heated to 200°C under stirrring. When the temperature and the pressure in the reactor were stabilized, the raw material 
solution and compressed air were fed in the reactor to start oxidation reaction. The raw material solution was continu- 
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ously fed in the reactor over a period of one hour, while the flow rate of the feed air was regulated so that the concen- 
tration of oxygen in the exhaust gas was made to be 2% by volume. During the above period, the partial pressure of 
oxygen in the reactor was 0.12 kg/cm 2 (absolute pressure). After the feed of the raw material solution was finished, air 
was continuously fed for 9 minutes. 

5 After the completion of the oxidation reaction, the reactor was cooled to room temperature, and the resultant reac- 

tion product was taken out from the reactor and filtered by suction with a glass filter to separate the filter cake in the form 
of crystal. Thereafter the cake thus separated was cleaned by rinsing with 80.0 g of acetic acid containing 20% by 
weight of water. The cake was weighted and subsequently dried with a dryer to afford 40.82 g of crude naphthalenedi- 
carboxylic acid (NDCA) in the form of crystal. Thus the NDCA in the from of dried crystal was obtained in a purity of 

w 96.8% by weight at a yield of 95.2 mol% based on the 2,6-DMN fed in the reaction system. 

Comparative Example 5 

DMN comprising as a principal component. 1 ,5-DMN which had been synthesized from o-xylene and butadiene as 
is starting raw materials was incorporated with 2,7-DMN, MMN and TMN to form a DMN mixture, which was then isomer- 
ized in the presence of mordenite (produced by Tosoh Corporation) as the catalyst to afford a DMN isomerization reac- 
tion product. Subsequently 200 g of the DMN isomerization reaction product thus produced and 100 g of n-heptane 
were placed in a 400 mL glass container equipped with a stirrer under stirring and heating to 80°C to form a solution, 
which was gradually cooled to 20°C to precipitate crystal The content in the glass container was filtered by suction with 
20 a G2 glass filter (standard maximum diameter of opening of 100 to 1 50 pm). and the crystal thus obtained was rinsed 
three times each with n-heptane at 0°C. In Table 8 are given the chemical compositions of the DMN isomerization reac- 
tion product (starting raw material for cyrstallization), of the crystal after filtration and of the crystal after every rinsing. 
It can be seen from the table that 1,6-DMN, 1 ,5-DMN and 1,7-DMN each contained in the impurities are steadily 
removed by every rinsing, whereas 2,7-DMN, MMN and TMN are difficult to remove by means of rinsing. 
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Table 8 



35 





DMN 


MMN 


TMN 


Total 




2.6- 


1.6- 


1,5- 


2,7- 


1.7- 








Starting raw material 


29.15 


32.05 


11.01 


7.58 


3.22 


4.58 


12.41 


100 


After filtration 


91.32 


4.22 


1.06 


1.10 


0.12 


1.11 


1.07 


100 


After 1 st rinsing 


95.46 


1.81 


0.46 


0.67 


0.03 


0.82 


0.76 


100 


After 2nd rinsing 


97.08 


0.71 


0.17 


0.58 


0.00 


0.73 


0.73 


100 


After 3rd rinsing / 


97.70) 


0.22 


0.09 


(j0.5g) 


0.00 


0.72 


0.69 


100 
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Claims 

1. A process for producing 2, 6-dim ethyl naphthalene which comprises crystallizing 2.6-dimethylnaphthalene from a 
45 mixture of dimethyl naphthalene isomers in the presence of a solvent/ 

2. The process according to Claim 1 , wherein the solvent is at least one member selected from the group consisting 
of aliphatic saturated hydrocarbons and alicyclic saturated hydrocarbons. 

so 3. The process according to Claim 1 , wherein the mixture of dimethylnaphthalene isomers consists of the isomeriza- 
tion reaction product of 1 ,5-dimethylnaphthalene which is formed from o-xylene and butadiene each as a starting 
raw material , or of the isomerization reaction product of the mother liquor which is formed by separating 2,6-dimeth- 
ylnaphthalene crystal from said isomerization reaction product of 1,5-dimethylnaphthalene. or of both the isomeri- 
zarton reaction products. 

55 

4. The process according to Claim 1 , wherein the mixture of dimethylnaphthalene isomers contains at most 10% by 
weight of 2,7-dimethylnaphthalene based on the whole amount of the dimethylnaphthalene series. 

5. The process according to Claim 4, wherein the mixure of dimethylnaphthalene isomers contains at most 5% by 
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weight of 2,7-dimethylnaphthalene. at most 3% by weight of methylnaphthalene and at most 10% by weight of tri- 
methylnaphthalene each based on the whole amount of the dimethylnaphthalene series. 

6. A process for producing 2,6-dimethylnaphthalene which comprises crystallizing 2,6-dimethylnaphthalene from a 
mixture of dimethylnaphthalene isomers or a solution containing a mixture of dimethylnaphthalene isomers by the 
use of a crystallizer, while suppressing the adhesion of the crystal to the inside wall of the crystallizer. 

7. The process according to Claim 6, wherein the adhesion of the crystal to the inside wall of the crystallizer is sup- 
pressed by using any one of © a method in which a crystallizer equipped with a heat transfer surface is used, a 
coolant is passed in contact with the heat transfer surface, the difference in temperature between the coolant and 
a mixture of dimethylnaphthalene isomers or a solution containing a mixture of dimethylnaphthalene isomers is 
maintained at40°C or lower; @ a method in which a solution containing a mixture of dimethylnaphthalene isomers 
is concentrated by depressurizing the crystallizer or treating a solution containing a mixture of dimethylnaphthalene 
isomers with an inert gas, thereby evaporating a solvent in the solution containing a mixture of dimethylnaphthalene 
isomers; and © a method in which a solution containing a mixture of dimethylnaphthalene isomers is cooled by 
introducing a liquefied gas into the solution, thereby evaporating the gas. 

8. A process for producing 2,6-dimethylnaphthalene which comprises crystallizing 2,6-dimethylnaphthalene from a 
solution containing a mixture of dimethylnaphthalene isomers by the use of a crystallizer, while suppressing the 
agglomeration of the crystal. 

9. The process according to Claim 8. wherein the agglomeration of the crystal is suppressed by using, one or at least 
two in combination of © a method in which the average retention time of the crystal in the crystallizer is restricted 
to 6 hours at the longest; @ a method in which the agglomerate of the crystal is destroyed by circulating the slurry 
in the crystallizer by means of a circulation pump which is installed outside the crystallizer; and ® a method in 
which the content in the crystallizer is stirred to the extent that the agglomeration of the crystal is suppressed. 

10. A process for producing 2,6<iimethylnaphthalene which comprises crystallizing 2,6-dimethylnaphthalene from a 
solution containing a mixture of dimethylnaphthalene isomers by the use of a crystallizer, while accelerating the 
growth of the crystal. 

11. The process according to Claim 10, wherein the growth of the crystal is accelerated by using any one of ® a 
method in which the procedures of dissolving part of the crystal, and recrystallizing the dissolved crystal are carried 
out at least one time; or ® a method in which 2,6-dimethylnaphthalene crystal which has been separately pre- 
pared is added as the seed crystal in the crystallizer. 

12. The process according to Claim 11. wherein said seed crystal is the 2,6-dimethylnaphthalene crystal which is 
obtained by carrying out the procedure, at least one time, of dissolving a part of the crystal obtained from the solu- 
tion containing a mixture of dimethylnaphthalene isomers and thereafter recrystallizing from said solution. 

13. A process for producing 2,6-dimethylnaphthalene which comprises crystallizing 2,6-dimethylnaphthalene from a 
mixture of dimethylnaphthalene isomers in the presence of a solvent to precipitate the same, filtering the 2,6- 
dimethylnaphthalene crystal thus precipitated by means of a filtering apparatus, separating the resultant filter cake 
from a filter cloth, and thereafrer cleaning the filter cloth by using a solvent. 

14. The process according to Claim 13, wherein the temperature of the solvent for cleaning the filter cloth is not lower 
than a filtering temperature. 

15. The process according to Claim 13. wherein the filtering apparatus is a rotary vacuum filter. 

16. The process according to Claim 13. wherein the solvent to be present in crystallization is at least one member 
selected from the group consisting of aliphatic saturated hydrocarbons and alicyclic saturated hydrocarbons. 

17. The process according to Claim 13, wherein the solvent to be used for cleaning the filter cloth is at least one mem- 
ber selected from the group consisting of aliphatic saturated hydrocarbons and alicyclic saturated hydrocarbons. 

18. A process for producing a 2.6-naphthalenedicarboxylic acid which comprises subjecting the 2,6-dimethylnaphtha- 
lene obtained according to the process as set forth in any of the Claims 1 , 6, 8, 1 0 and 1 3 to liquid-phase oxidation. 
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19. The process according to Claim 18, wherein the 2,6-dimethylnaphthalene is obtained by crystallizing the isomeri- 
zation reaction product of 1,5-dimethylnaphthalene produced from o-xylene and butadiene as starting raw materi- 
als. 

20. A process for producing a 2,6-naphthaienedicarboxylic acid ester which comprises esterifying the 2,6-naphthalen- 
edicarboxylic acid which is obtained by the process as set forth in Claim 18. 
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(54) Process for the purification of 2,6-dimethylnaphthalene and its use in the production of 2,6- 
naphthaienedicarboxylic acid 

(57) The present invention relates to processes for 
the production of highly pure 2,6-dimethylnaphthalene 
(2,6-DMN) by crystallisation of a mixture of DMN iso- 
mers; it also relates to a process for producing a 2,6- 
naphthalenedicarboxylic acid and an ester thereof from 
the 2,6-DMN obtained by the above process. 

In a first aspect, crystallisation is carried out in the 
presence of a solvent, preferably an aliphatic or alicyclic 
saturated hydrocarbon. In a second aspect, suppres- 
sion of the adhesion of the crystals to the inside wall of 
the crystalliser is achieved by a number of methods. In 
a third aspect, means are provided to suppress the 
agglomeration of the crystals. In a fourth aspect, the 
growth of the crystals is increased. In a fifth aspect, a fil- 
tration apparatus, preferably a rotatory vacuum filter, is 
used, the filtered cake is peeled off from a filter cloth, 
and said cloth is cleaned with a solvent. 

Finally, the purified 2,6-DMN is oxidised in the liquid 
phase in order to produce 2,6-naphthalenedicartooxylic 
acid, which can be esterrfied. 
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